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(54) Mercnptoacyl derivatives of 
substituted prolines 

(57) New mercaptoacyl derivatives of 
substituted prolines which have the 
general formula 



I 

cii • 



C - COOR 
I 

\i 



or salts tfiereof may be used as 
hypotensive agents. 

In the formula X-R, group is located 
at the 3- or 4- position of the proline 
ring; 

X is oxygen or sulfur; 

R is hydrogen or lower alkyl; 

R, is lower alkyl, lower alkenyl, lower 
alkynyl; phenyl, substituted phenyl, 
phenyl-lower alkylene, or substituted 
phenyi-lower alkylene; 
. R? and Rj are independently selected 
from hydrogen, lower alkyl and 
trifluoromethyl'; ^ 

R4 is hydrogen, r -c- or 



CH- 



A' 



_C — COOR 
I* 
H 



Rs is lower alkyl, phenyl, or 
phenyMower alkylene; and 
n is 0, 1 or 2. 
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^ Mercaptoacyl derivatives o^^)Stituted prolines 

5 This invention provides new ether and thioether 
mercaptoacyl prolines of the formula (I) 



15 



25 



10 



-C. — COOR 



wherein the group X - R, is located at the 3- or4- 
position in the ring; 
X is oxygen or sulfur; 
R is hydrogen or lower alkyi; 
• Ri is lower alky I, lower alkenyl, lower alkynyl, 
phenyl, substituted phenyl, phenyl-lower alkylene or 
substituted phenyl-lowe'r alkylene; 

R2 and Ra are independently selected from hyd- 
20 rogen, lower alkyI, and trifluoromethyl; 
R4 is hydrogen, Rs - CO - or 



X-R, 



-(CH) — CH - CO — N 



R5 is lower alkyI, phenyl, or phenyl-lower alkylene; 
n is 0, 1 or 2; 

30 and salts thereof. 

The invention in its broadest aspects relates to the 
ether and thioether mercaptoacyl prolines having 
formula I above a?id salts thereof, to compositions 
containing such compounds and to the method for 

35 using such compounds as anti-hypertensive agents. 
The term lower alkyI as used in defining the sym- 
bols R, Hu R2 and Rj are straight or branched chain 
hydrocarbon radicals having up to seven carbons, 
for example, methyl, ethyl, propyl, isopropyl, butyl, 

40 isobutyl, f-butyl, pentyl, isopentyl, etc. The preferred 
lower alkyi groups are up to four carbons with 
methyl and ethyl being most preferred. 

The term lower alkenyl as used in defining the 
symbol R, are monq-unsaturated straight or 

45 branched chain hydrocarbon groups of from 2 to 7 
carbons such as ethenyl, propenyl, isopropenyl, 
butenyl, and the like. The lower alkynyl groups are 
straight or branched chain hydrocarbon groups of 
from 2 to 7 carbons having one triple bond, e.g., 

50 propargyl. The preferred lower alkenyl groups are 
from 2 to 5 carbons arVl the preferred lower alkynyl 
groups are from 3 to 4 carbon atoms. 

The term substituted phenyl aruJ substituted 
phenyl-lower alkylene as us'.^d in defining the sym- 

55 bol R, include one or two, preferably one, sub- 
stiluents on the phenyl ring. SuitalMe substituents 
include lower alkyI groups of 1 to 4 carbons, espe- 
cially methyl, lower alkoxy groups of 1 to 4 carbons, 
especially melhoxy, lower nlkylthio groups of 1 to 4 

60 carbons, especially meihyllhio, halogens, especially 
chloro or fluoro, trifluoroniethyl, ac*;tyloxy, and hyd- 
roxy. The hydroxy substituted phenyl and phenyl- 



IOwt:r ,iiKyU}fu;s are (uitaifKMi oy nyuroiYSc* • n u\r. 
correspond! t >(i^n :etyloxy sut)r>titutefJ phenyl com- 
65 pound as tht^^ft sl(?p of the synthetic procedure. 
The term haiogon includes the four comnjon 
members, i.e., chloro, bromo, fluoro, and iodo, with 
chloro, bron)o, and fluoro being preferred. 

The term phenyl-lower alkylene as used in defin- 
70 ing the symbols R, and Rs include groups such as 



wherein m is an integer from 1 to 4. Preferred 

75 . phenyl-lower alkylene groups are phenylmethyl and 
phenylethyl, especially phenylmethyl. 

The lovyor alkanoyi groups represented by R5 - CO - 
are those having the acyl radicals of the lower (Cj - 
C7) fatty acids, for example, acetyl, propionyl, 

80 butyryl, isobutyryi, and the like. The lower alkanoyi 
groups having up to four carbons are preferred with 
acetyl being especially preferred. Similarly, when Rj* 
in the group R5 - CO - is phenyl-lower alkylene, ben- 
. zoyi is especially preferred. 

85 The asterisk in formula I indicates an asymmetric 
center which is present in the proline ring. Of course, 
an additional asymmetric center can be present in 
the mercapto sidechain depending upon the sub- 
stituents Rj and Rj. The products of formula I accord- 

90 ingly exist in stereoisomeric forms or as racemic 
mixtures thereof. All of these are within the scope of 
the invention. The synthesis described below can 
utilize the racemate or one of the enantiomers as 
starting materials. When the racemic starting mater- 

95 iai is used in the syntbesis procedure, the 

stereoisomers obtained in the final product can be 
separated by conventional chromatographic or frac- 
tional crystallization methods. The X - R, group also 
gives rise to cis-trans isomerism. 

100 Preferably the asymmetric center in the proline ring 
is in the L-configuration and if there is an asym- 
metric center in the mercaptoacyl sidechain it is in 
the b-configuration. 

Preferred compounds of formula I are those 

105 wherein R is hydrogen; R, is lower akyi of 1 to 3 
carbons or 



110 wherein p is zero, 1 or 2,* and Re is hydrogen, methyl, 
methoxy, methylthio, chloro, fluoro, trifluoromethyl 
or hydroxy; R? is hydrogen, methyl or trif- 
luoromethyl; R,, is hydrogen; n is zero or one; and R4 
is hydrogen. Also preferred as intermediates are the 

1 1 5 above compounds wherein R4 is acetyl or benzoyl, 
especially acetyl. 

Most preferred are the above compounds wherein 
X is oxygen; R, is methyl or ethyl, especially methyl; 
n is 1 ; R; is hydrogen or methyl, especially methyl; 

120 Rj is hydrogen; R4 is hydrogen; and the -XR, group is 
at the 4-position of the proline ring, especially 
wherein the -XR, group is in. the cis configuration. 

The ethers and thioethers of Formula I are 
obtained by coupling the ether or thioether proline 



Certain of the chemical formula(e) appearing in the printed specification were subfnittod in formal form after the date 
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with the acid or its chemical et^uivalent of the for- 
mula (III) 



wherein R'* is hydrogen or R5 - CO ■ 
product of the formula (IV) 



to yield the 



XR, 



• C. — COOR. 



This reaction can be effected in the presence of a 
coupling agent like dicyclohexylcarboxiimide or the 
like, or the acid can be activated by formation of its 
mixed anhydride, symmetrical anhydride, acid 
halide, active ester or use of Woodward reagent K. N 
- ethoxycarbonyl - 2 - ethoxy - 1,2 - dihydroquiholine 
or the like. For a review of the methods of acylation, 
see Methoden der Organischen Chemie (Hpuben- 
Weyl), Vol. XV, part II, page 1 et seq. (1974). Prefer- 
ably, the acid halide, especially the acid chloride, of 
formula Ml is reacted with the acid of formula II. 

The ester compounds of formula IV, i.e., R is alkyi, 
can be converted to the free acid, i.e., R is hydrogett, 
by conventional means. For example, If R is t-butyl 
treatment with trifluoroacetic acid and anisole gives 
the free acid. . . 

The product of formula IV is preferably isolated 
and purified by crystallization, e.g., by forming the 
dicyclohexylamine salt arid then converting the salt 
to the free acid form by treatment with an aqueous 
solution of an acid, such as potassium acid sulfate. 

The product of formula iV bearing the acyl group 
R5 - CO - can be converted to the products of formula 
I wherein R4 is hydrogen by converitional hydrolysis 
or by ammonolysis. 

The products of formula I wherein R4 is 



r 



^ XR, 



-S- (Cll) — CM — CO N. 



C — coon 



65 



are obtained by directly oxidising with iodine a pro- 
duct of formula I wherein R^ is hydrogen. 

The esters of formula 1, wherein R is lower alkyl can 
be obtained from the carboxylic acid compounds, 
i.e., wherein R is hydrogt*n, by conventional csterifl- 
caliofi procedures, e.g., by estcrification witli a 
diazo.ilkane such as diazocTiethane, 1 - alkyl - 3 - p - 
tolyltria^ene, such as 1 - n - butyl - 3 - p - tolyltriazene, 
or the like. 

The proline reactants of forriiula II cnn be prepared 
by various means. For example, a hydroxy or mer- 
caplo proline of the formula 



■in r-cooM 



70 



75 



80 



85 



is acylated with an acylating agent such as acetic 
anhydrid*;, acetyl chloride, propionic anhydride, 
butyric anhydride, beruylchloroformate, or the like,, 
so as to protect the riitrocjfMi. The R, group is then 
introduced by reacting the N-protected form of the 
compound of formula V with a halide, R,-hal, 
wherein hal represents a halogen, preferably iodine, 
in the presence of silver oxide, sodium hydride, 
sodium hydroxide or thf» like, to obtain the inter- 
mediate having the formula (VI) 



XR 



protcct(i(l-N - 



- C — COOR, 



Alkaline hydrolysis of the intermediate of.formula VI 
with a base such as barium hydroxide, sodium hyd- 
roxide, potassium hydroxide or the like first yields 
the free acid (COOH) and then hydrolysis with a min- 
90 eral acid, such as sulfuric acid, yields the starting 
material of formula II. 

Another method for preparing the proline reac- 
tants of formula II Is by treating the N-protected 
tosyloxy proline ester, preferably the methyl ester of 
95 the formula (VII) 



pcotected-N - 



C;C00dlkyl 



100 



with the sodium salt of the formula (VIII) 



105 to yield the intermediate of the formula (IX) 



110 



protoctcd-N C^— COOalkyl 

I 

H 



In formula VII the symbol Ts represents -so^-^^-chj 

and the N-prolecting group is benzyloxycarbonyl, 

115 which is preferred, or other commonly employed 
acyl protecting groups. In this reaction, if the tosylate 
group is in the cis configuration the XRt group will 
be in the trans configuration and if the tosyloxy 
group is in the trans configuration the XR, group will 

120 be in the cis configuration. The intermediate of formula 
IX is tlien treated to remove the alkyl ester group and 
is then reacted with hydrogen bromide to yield the 
HBr salt of the proline reactant of formula II which 
can then be coupled with the acid, preferably the 

125 acid chloride, of formula 111. 

The proline starting materials of formula II 
wherein X is sulfur and tlie XR, group is attached at 
the 3*positlon of tlie proline can also be obtained by 
treating a 1 ,2 - dehydroprolirie ester, preferably the 

130 t-butyl ester, of the formula (X) 



with an acylating agent such as Don^yl chlorufor- 
5 mate, acetyl chloride, etc., to yield the 4,5 : dehydro 
compound (XI) 

protectod-N J-COOalkyl 



10 



which is then reacted with the mercaptan R, - SH to 
yield (XII) 



15 



protocted-N - 



-CCpOaLicy L 



wherein the - S - R, substituent is in the trans config- 
uration. The N-protecting and alkyi groups are then 
removed to yield the desired starting material. 
20 The proline starting materials of formula II where 
R, is phenyl, substituted phenyl, phenyl-lower 
alkytene or substituted phenyl-lower alkylene can 
also be obtained by treating the benzyl ester of the 
N-protected proline of formula V with the alcohol R, - 
25 OH in the presence of triphenylphosphine and dieth- 
ylazodicarboxylate according to the procedure of 
Bittner et al., Chenhislry and Industry, 15 March 1975, 
page 281 . Removal of the N-protecting group and 
the benzyl ester group yields the starting material of 
30 formula II. 

Reference is also made to the following publica- 
tions for additionaLillustrative information with 
respect to the production of starting materials and 
intermediates: Ondetti et al.. U.S. Patents 4,04^,889, 
35 4,105776, and 4.154,935; Neuberger, J. Chem. 

Soc, 1945, p. 429-432; Patchett et al., J. Amer. Chem. 
Soc. 79, p. 185-192 (1957); Baer et al., Can. J. 
Biochem. and Phys.,37, p. 583-587 (1959); Sheehan 
et al., J. Amer. Chem. Soc. 85, p. 3863-3865 (1963); 
40 Magerlein, J. Med. Chem. /(?, p. 1161-1163(1967). 
The procedures illustrated therein can be utilized as 
general methods for the synthesis and stereocon- 
version of compounds utitizable in the invention of 
this application. 
45 Additional experimental details are found in the 
examples which are preferred embodiments and 
also serve as models for the preparation of other 
members of the group. 
The compounds of this invention form basic salts 
50 with a variety of inorganic or organic. bases. The salt 
forming ion derived from such t)osi?s can be metal 
ions, e.g., aluminum, alkali metnl ions, such as 
sodium or potassium, alkaline eartli metal ions such 
as calcium or magnesium, or an amine salt ion, of 
55 which a number are known for this purpose, for 
example, aralkylamines such as dibonzylaminif^, N,N 
- dibenzylethylenedianiine, lower alkylamines such 
as methylamioe, t- butylamine, procaine, lower 
alkylpiperidines such as N - ciliylpiperidine. cycloal- 
60 kylamines such as cyclohexylamine or dicyclohex- 
ylamine. 1 - adamantanamine, beiunthine, or salts 
derived from amino acids such as ar.yinine, lysine or 
the like. The physiologically aoiptahle salts such as 
the sodium or potassium salts cart be used medici- 
65 nally as described below and are prefer refi. ThUse 



and olhei salts which am nut necessarily physiologi- 
cally acceptat)l^|w^ useful in isolating or purifying a 
product acceptlj^ for the purposes described 
below, as illustrated with the dicydoliexylamihe salt 
70 and the cyclol>exylamifte salt in the examples. The 
salts are produced by reacting the acid form of the 
compound with an equivalent of the base supplying 
the desireri basic ion in a medium in which the salt 
precipitates or in aciueous medium and then 
75 lyophilizing. The free acid form can be obtained from 
the salt by conventional neutralization techniques, 
e.g., with potassium bisulfate, hydrochloric acid, etc. 

The compounds of this invention inhibit the con- 
version of the decapeptide angiotensin I to angioten- 
80 sin II and therefore may be used in reducing or 
relieving hypertension. The compounds of this 
invention intervene in the renin angiotensinogen 

angiotensin I -^angiotensin II sequence by inhibit- 
ing angiotensin converting enzyme and reducing or 
85 eliminating the formation of the pressor substance 
angiotensin II. Thus by administration of a hypoten- 
sively effective amount of a composition containing 
one or a combination of compounds of formula I or 
physiologically acceptable salt thereof (together 
90 with a pharmaceutical carrier), hypertension in the 
species of mammal suffering therefrom is reduced 
or alleviated. 

A single dose, or preferably two to four divided 
daily doses, provided in a basis of about 0.1 to about 
95 100 rng. per kilogram per day. preferably about 1 to 
about 50 mg. per kilogram per day, is appropriate to 
reduce blood pressure as indicated in the animal 
model experiments described by S. L. Engel, T. R. 
Schaeffer, M. H. Waugh and B. Rubin, Proc. Soc. Exp. 
100 Biol. Med. J43, 483 (1973). The substance is prefer- 
ably admifiislered orally, but parenteral routes such 
as subcutaneously, intramuscularly, intravenously 
or intraperitoneally can also be employed. 

The compounds of this invention can be utilized to 
105 achieve the reduction of blood pressure by formulat- 
ing in compositions such as tablets, capsules or elix- 
irs for oral administration or in sterile solutions or 
suspensions for parenteral administration. About 10 
to about 500 mg. of a compound or mixture of com- 
110 pounds of formula I or physiologically acceptable 
salt is compounded with a physiologically accept- 
able vehicle, carrier, excipienl, binder, preservative, 
stabilizer, flavor, etc., in a unit dosage form as called 
for by accepted pharmaceutical practice. The 
1 1 5 amount of active substance in these compositions or 
preparations is such that suitable dosage in the 
range indicated is obtained. 

Illustrative of the adjuvants which may be incorpo- 
rated in tablets, capsules and the like are the follow- 
120 Ing: a binder such as gum tragacanth, acacia, corn 
starch or gelatin; an excipient such as dicalcium 
phosphate or microcr ystalline cellulose; a disinteg- 
rating agent such as corn starch, potato starch, 
alginic acid and the like; a lubricant such as mag- 
125 nesium slearate; a sweetening agent such as suc- 
rose, la<:tose or saccharin; a flavoring agent such as 
peppermint, oil of wintergreen or cherry. When the 
dosag*' unit form is a capsule, it n)ay contain in addi- 
tion to fTiaterials of the above type a liquid carrier 
130 such as a fatty oil. Various other materials may be 
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ical form of the dosago unit. For inslGru:f}, tnbltjts 
J may be coated with shellac, j^ir or both. A syrup 
or elixir may contain the actiWrompound, sucrose 
5 a$ a sweetening agent, methyl and propyl parabens 
as preservatives, a dye and a flavoring such as 
cherry or orange flavor. 

Sterile compositions for injection can be formu- 
lated according to conventional pharmaceutical 
10 practice by dissolving or suspending the active sub- 
stance in a vehicle such as water for injection, a 
naturally occurring vegetable oil like sesame oil, 
coconut oil, peanut oil, cottonseed oil, etc. 

The following examples are illustrative of the 
15 invention and constitute preferred embodiments.. 
They also serve as models for the preparation of 
other members of the group which can be produced 
by replacement of the given reactants with suitably 
substituted analogs. All temperatures are in degrees 
20 Celsius. 

* Example / 

I '(3- Acetylthio - ; - oxopropyl) - trans^ - 4 - methoxy 
- L - proline 

a) N - Acetyl - trans - 4 - hydroxy - L - proline 
25 A stirred suspension of 26.2 g. (0.2 mole) of trans- 
4 - hydroxy - L - proline in 400 ml. of acetic acid is 
treated with 26 ml. of acetic anhydride. The solid 
gradually dissolves after 2 hours of stirring at room 
temperature. The solution is transferred to a 2 liter 
30 flask and the solvent is removed on a rotary 

evaporator at a bath temperature of 45^ The syrupy 
residue (57.5 g.) is diluted with 100 ml. of ether to 
give a crystalline solid. After cooling overnight, the 
solid is filtered, washed with cold ether and driePJ in 
35 a desiccator. This material (357 g.) is pulverised and 
suspended in 100 ml. of ether, cooled and filtered to 
give 33.8 g. (98^.o) of N - acetyl - trans - 4 - hydroxy - L 
- proline, 128-131", Recrystalli^ation of 0.5 g. of this 
material from 5 ml. of acetonitrile gives 0.45 g. of 

40 colourless solid, m.p. 130-132^•[aJ"o -92Mc 1% in 
EtOH). 

b) N - Acetyl - trans - 4 - methoxy - L - proline, methyl 
ester 

A mixture of 30.0 g. (0,17 mole) of N - acetyl - trans 

45 - 4 - hydroxy - L - proline and 1 30 g. of silver oxide is 
pulverized in a aiortar and this intifTiato mixture is 
added to a Miter flask with 300 ml. of acetone. The 
slurry is stirred, treated portionwise with 130 ml. of 
methyl iodide and the temperature riiaintained 

50 below 40** by cooling with a cold water bath. After * 
stirring for 7 hours, the mixture is allowed to stand 
overnight. The solid is filtered, washed v^ell with 
acetone and the filtrate concentrated on a rotary 
evaporator to give 38.3 g. of syrupy residue. The lat- 

55 ter is redissolved in 350 ml. of acetorie and again 
treated with 130 g. of silver oxide and 130 n)l. of 
methyl iodide to give 41 g. of residue. The latter is 
distilled to yield 32.2 g. of distillate; b p. 130-140" (0.3 
mm). After digestibn in 30 ml. of cyclohexane and 

60 cooling, the nearly colorless solid N - acetyl - trans - 4 
- methoxy - L - proline methyl ester weighs 31.4 g., 
m.p. 71-75". RecrystoMiealion from 31 ml, of ethyl 
acetate gives 25.1 g. (6G%) of colorless solid, m.p. 
76-77^[u)"o -83Mc, 1%in EtOH).. 

65 c) trans - 4 - Methoxy - L - proline 



To a slirr,).] solution of 27.0 g. (0.085 mole) of 
bariun) hy(lro^|^ 8H,0 in 525 ml. of water 
(approx. 3.3 N^^ddf :(i 11 .0 g. (0.05 mole) of N - 
acetyl - trans - 4 - methoxy - L - proline methyl ester. 
- 70 The resulting solution is stirred at 18-20" for 3 hours, 
cooled and treated witfi dilute sulfuric acid (8.8 g. of' 
cone. H,SO, in 20 ml. of water). The acidic suspen- 
sion is allowed to stand overnight. The mixture is 
filtered through a thick layer of Celite to give a 
75 "milky" filtrate. The latter is concentrated on a rotary 
evaporator at 50° using a high vacuum pump to give 
a milky residue weighing 121 g. This material is tre- 
ated with dilute sulfuric acid (19.0 g. of cone. H^SO, 
in 75 ml, of water) and the resulting mixture is stirred 
80 and refluxed for 3 hours. After cooling to 30", the 
mixture is treated portionwise with 48 g, of barium 
hydroxide • 8H,0 and the pH then adjusted from 6.0 
to 4.0 with dilute sulfuric acid. After standing over- 
night, the mixture is filtered through a thick layer of ' 
85 Celite. The "milky" filtrate is concentrated as above 
to give 50 g. of colorless dry residue. The latter is 
digested with 200 ml, of hot chloroform and filtered 
through a bed of Celite to remove the barium sulfate. 
The slightly turbid filtrate is concentrated on a rotary 
90 evaporator to give a gelatinous material (17.7 g.), 
suspended in 100 ml. of ether, and filtered to give 7.5 
g. (94%) of nearly colorless solid, m.p. 185-190° 
(dec). This material is suspended in 30 ml. of warm 
acetonitrile, cooled and filtered to give 4.0 g. (50%) of 
95 a colorless solid, trans - 4 - methoxy - L - proline 
m.p. 209-21 r (dec); [«J^-^o -75''(c, l%mEtOH).' 
d) 7-(3 -Acetylthio - 1 - oxopropyl) - trans -4- 
methoxy - L - proline 

Asolution of 3.5 g. (0.024.mole) of trans-4- 
100 methoxy - L - proline in 50 ml. of water is stirred, 
cooled to 5'^ and 3 g. of sodium carbonate are added. 
This mixture is treated with a solution of 4.0 g. (0.024 
mole) of 3 - acetylthiopropionyl chloride in 5 ml. of 
ether during the course of 10 minutes with the 
105 intermittent addition of 3 g. of sodium carbonate to 
maintain the pH at about 8.0. The mixture is stirred in 
the ice-bath for an.additional hour, 25 ml, of water 
are added and then a solution of 5 ml. of concen- 
trated hydrochloric acid in 25 ml. of water (CO2 
no evolution). The strongly acid solution is saturated 
with sodium chloride and extracted with 50 ml. of 
ethyl acetate (four times). The organic phases are 
combined, dried (MgSOJ, filtered and the solvent 
evaporated to give 6.0 g. (90^/o) of colorless syrupy 1 - 
1 1 5 (3 - acetyltfiio - 1 - oxopropyl) - tra ns - 4 - methoxy - L 
- proline. This acid is dissolved in 25 ml. of ethyl 
acetate and treated with 4.7 g, of dicyclohexylamine 
to give a solution which rapidly becomes a solid 
mass. An additional 1 5 ml. of ethyl acetate are added 
120 and the mixture is digested on a steam bath, cooled 
- and filtered to give 8.7 g.. of the dicyclohexylamine 
salt, m.p. 170-172°. After crystallization from 60 ml. 
of acetonitrile the colorless solid weighs 8.3 g. (75%) 
m.p. 171-173 '; ^ 35'^(c, 1% in EtOH). 
125 The dicyclohexylariiine salt is converted to 1 - (3 - 
acetylthio - 1 - oxopropyl)trans - 4 - methoxy - L - 
proline by susp^nidiny 8.0 g. in 60 ml. of ethyl acetate 
cooled in an ice bath ami treating portionwise with 
60 ml. of 10^0 potassium bisulfatc. The clear layers 
130 are separated and the aqueous portion extracted 



with 60 ml. of ethyl acetnto (2X). The orcjdnrc 
phases are combined, dri^B|MySO,), filtered and 
the solvent is evaporated^Pgive 4.6 g. {80^/o) of a 
colorless syrup. 

5 Example 2 

1 ~ (3 ' Mercapto - 1 - oxopropyf} - trans - 4 - methoxy 
- L - proline 

To the 1 - (3 - acetylthio - 1 - oxopropyl) - trans - 4 - 
methoxy - L - proline obtained in Example 1 (4.6 g., 

10 0.017 mole) is added a cold solution of 9 ml, of con- 
centrated ammonia in 22 ml. of water. The base dis- 
solves in about 30 minutes and the resulting solution 
(under Argon) is allowed to stand for 2 hours at 
room temperature. This solution is cooled, extracted 

15 with 25 ml. of ethyl acetate (2X) and the ethyl acetate 
extract is discarded. The solution is again layered 
with 25 ml of ethyl acetate and acidified with 17 ml. 
of 1 :1 hydrochloric acid. The mixture is shaken, 
separated and the aqueous phase extracted with 25 

20, ml. of ethyl acetate (3X). The organic phases are 
combined, dried (MgSOa), filtered and the solvent 
removed on the rotary evaporator to give 2.3 g. 
(59%) of colorless syrup, 1 - (3 - mercapto - 1 - oxop- 
ropyl) - trans - 4 - methoxy - L - proline, [aJ"o -60" (c, 

25 1% in EtOH); R, 0.49 (MeOH on silica gel, visualized 
with nitroprusside reagent). 

Anal. Calc'd. for C.H.sNO.S. I/4H2O: C, 45.46; H, 
6.57; N, 5.87; S, 13.48. 

Found: C, 45.42; H, 6.78; N, 5.96; S, 13.27. 

30 An additional 1.1 g. of product (total 3.4 g., 87%) is 
obtained by saturating the ar^ueous phase with 
sodium chloride and extracting with 25 ml. of ethyl 
acetate (2X). * 
The sodium salt is formed by treating the syrup 

35 with aqueous sodium bicarbonate and freeze drying. 
Example 3 

(trans) - 7 - [D - J - (Acetylthio) - 2 - methyl- 1 - 
oxopropyl] - 4 • methoxy - L - proline 

A solution of 4.3 g. (0.029 mole) of trans - 4 - 

40 methoxy - L - proline in 50 ml. of water is stirred, 
cooled to 5° and 3 g. of sodium carbonate are added. 
This solution is treated with 5.2 g. (0.029 mole) of D - 
3 - (acetylthio) - 2 - methylpropionyl chloride in 5 ml. 
of ether during the course of 10 minutes with the 

45 intermittent addition of 3 g. of sodium carbonate to 
maintain the pH at about 8.0. This mixture isstirred 
in the ice -bath for 1 .5 hours, 2ri ml. of water are 
added and then a solution of 6 ml. of concentrated 
hydrochloric acid in 25 ml. of water (CO- evolution). 

50 The resulting strongly acidic solution is extracted 
with 50 ml. of ethyl acetato (f<.'»ur tifnes). The organic 
phases are combined, dried (MgSO,), filtered and 
the solvent evaporated to give 6. 1 g. (73^o) of (trans) - 
1 - [D - 3 - (acetylthio) - 2 - metliyl - 1 - oxopropyl] - 4 - 

55 methoxy - L - proline as a pale yellow syrupy residue. 
This acid is dissolved \n 50 ml. of ethyl acetate and 
treated with a solution of 4.0 g. of dicyclohexyla(Tiine 
in 20 ml. of cTlhyl acetate. The product begins to crys- 
tallize from the solution in abt.iut a minute. After 

60 cooling overnight the nearly C(jlorless solid is filtered 
and dried, yield 6.7 g., m.p. 175-177^ - 55' (c, 
^% in EtOH). Following crystatliz-Uion from GO ml. of 
acetonitrile the nearly colorless solid dicyclohex- 
ylamine salt weighs 5.6 g. (41%), m.p. 1 79-iar, [(v]"d 

65 -62" (c. 1% in EtOH). 



The dicyi^^exylamirit? salt is converted to the 
. acid by suj^Bding 5.5 g. in 50 ml. of ethyl acetate, 
cooling in an ice-batfi and treating with 50 ml. of 10% 
potassium bisulfate, The layers are separated and 
70 the aqueous portion is extracted with 50 ml. of ethyl 
acetate (2X). The organic phases are combined, 
dried (MgSO,), filtered and the solvent evaporated to 
give 3.4 g. (4 1%) of nearly colorless (trans) - 1 - [D - 3 - 
(acetylthio) - 2 - metl^yl - 1 - oxopropylj - 4 - methoxy 
75 - L - proline as a syrup; 

Example 4 

(trans) - 4 - Methoxy - J - (D- 3- mercapto - 2 - methyl 

- 1 - oxopropyl) - L - proline 

To (trans) - 1 - ( D - 3 - (acetylthio) - 2 - methyl - 1 - 

80 oxopropyl) - 4 - methoxy - L - proline (3.4 g.) is added 
a cold solution of 8 ml. of concentrated ammonia in 
20 ml. of water. The base dissolves in about 10 
minutes and the resulting solution (under Argon) is 
allowed to stand at room temperature for two hours. 

85 This solution is cooled, extracted vyith 20 ml. of ethyl 
acetate (2X), layered with 20 ml. of ethyl acetate and 
acidified with 15ml of 1 :1 hydrochloric acid. This 
mixture is saturated with sodium chloride, the layers 
are separated and the aqueous phase is extracted 

90 with 20 ml. of ethyl acetate (3X). The organic phases 
are combined, dried (MgSO,), filtered and the sol- 
vent evaporated to give 2.9 g. (100%) of nearly color- 
less (trans) - 4 - methoxy - 1 - (D - 3 - mercapto - 2 - 
methyl - 1 - oxoprof)yl) - L - proline, [aj^o -80'' (c, 1% 

95 in EtOH); R, 0.53 (MeOH on silica gel, visualized with 
nitroprusside reagent). 

Anal, calc'd. for CoH^NOaS. 1/4H,0: C, 47.69; H. 
6.83; N, 5.56; S, 12.73 

Found: C, 47.90; H, 6,84; N, 5.85; S, 12.76. 

100 Examples 

(trans) - 1 -[0-3- (Acetylthio) - 2 - methyl - 1 - 
oxopropyl] - 4 - ethoxy - L - proline 

Utilizing the procedure described in Example 3 but 
substituting an equivalent quantity of trans - 4 - * 

105 ethoxy - L - proline (J. Med. Chem., 10, 1161 (1967), 
for (trans) - 4 - methoxy - L - proline, (trans) - 1 -[D - 3 

- (acetylthio) - 2 - methyl - 1 - oxopropyl] - 4 - ethoxy - 
L - proline is obtairied. The product is purified as the 
dicyclohexylamine salt, m.p. 170-1 72'' (crystallized 

110 from isopropyl alcohol); [aJ"o -64° (c, 1% in EtOH). 
This salt (7.75 g.) is converted to the free acid by 
treating with potassium bisulfate solution as 
described in Example 4 to give 4.85 g. of nearly col- 
orless (trans) - 1 -[D - 3 - (acetylthio) - 2 - methyl - 1 - 
1 15 oxopropylj - 4 - ethoxy - L - proline as a syrup. 

Example 6 

(trans) - 4- Ethoxy • J - (0-3 - mercapto - 2 - methyl - 
1 ' oxopropyl) • L - proline 
To the material from Example 5(4.85 g.) is added a 
120 cold solution of 9 ml. of concentrated ammonia in 22 
ml, of water (under Argon). The mixture is treated in 
the same manner as Example 4 to give 4.2 g. (100%) 
of nearly colorless (trans) - 4 - ethoxy - 1 - (D - 3 - 
mercapto - 2 - metfiyl - 1 - oxo[)r()pyl) - L - proline as a 
125 syrup, [ap'^o - 80Mc, 1% in EtOH); R, 0.64 (MeOH on 
silica gel, visualizfuJ v^ith nitroprusside reagent). 

Anal, calc'd. for CuH,yNO,S: C, 50.55; H 7.33; N, 
5.36; 5,12.27 

Found: C, 50.34; H, 7.34; N,5.39; S, 12. 11. 
130 Example? 



(cis) ■ f '[D-3- (Acetylthio) 2 - methyl - ; . o^op- 
' ropyl] - 4.' methoxy - L - prolir^^ 
a) N - Carbobenzyfoxy - cis - 4^Kf<froxy - L - pro fine 
N ' Carbobenzyloxy - 4 - keto - L - proline (10 g., 
5 0.038) is dissolved in 300 ml. of niethonol and 

reduced with 5.8 g. (0.15 rnole) of sodiurTi borohyd- 
ride in 20 ml. of water as describ*?(J in JACS, 79, 189 
(1957) to give 8.7 g. of a foamy product. This material 
is dissolved in 30 ml. of ethanol, treated with 3.5 g. of 

10 cyclohexylamine in some ethanol, and diluted to 500 
ml. with ether. On seeding and rubbing, the crystal- 
line cyclohexylamine salt separates rapidly to give 
10.8 g.; m.p. 163-165". This cyclofiexylarnine salt is 
then treated with 30 ml. of 2N HCI and extracted with 

15 ethyl acetate (4 x 50 ml.) to yield as a glass-like mat-, 
erial 8 g. of N - carboben^yloxy - cis - 4 - hydroxy - L - 
proline. 

b)N' Carbobenzyfoxy - cis - 4 - methoxy - L - profine, 
methyl ester 

20 N - Carbobenzyloxy - cis - 4 - hydroxy - L - proline 
(13.9 g., 0.052 mole) is treated with 40 g. of silver- 
oxide and 40 ml. of methyl iodide (2x) in acetone 
(100 ml. initially, then 120 ml.) as described in Exam- 
ple Kb) to yield 17.5 g. (lOO^o) of N - carbobenzyloxy 

25 - cis - 4 - niethoxy - L - proline, methyl ester as a 
yellow oil. 

. c)f\f' Carbobenzyloxy - cis - 4 - methoxy - L - proline 
The N-carbobenzyloxy - cis - 4 - methoxy - L - pro- 
line, methyl ester (17.5 g., approximately 0.052 mole) 
30 is dissolved in 135 ml. of methanol, treated dropwise 
at - r to 4° with 32 ml. (0.064 mole) of 2N sodium 
hydroxide, then kept at 0'' for one hour, and at room 
temperature overnight. After removing about haTf of 
the solvent on a rotary evaporator, the solution is 
35 diluted with 300 ml of water, washed with ether 
(wash discarded), acidified while cooling with 12.5 
ml. of 1 : 1 hydrochloric acid to pH 2, and extracted 
with ethyl acetate (4 x 150 ml.). The extracts are 
combined, dried (MgSO,), filtered and the solvent 
40 evaporated to give 15 g. of an orange-yellow syrup. 
The latter is dissolved in 60 ml. of ethanol, treated 
with 6 g. of cyclohexylamine in 10 ml. of ethanol 
and diluted to 900 ml. with ether. On seeding 
and rubbing, crystalline N - carboberuyloxy - cis - 4 - 
45 methoxy - L - proline, cyclohexylamine salt sepa- 
rates: weight after cooling overnight 10.2 g., m.p. 
148-150^(5. 144"), [ap^ -35Mc, 1% in ethanol). Fol- 
lowing recrystallization from 40 ml. of acetonitrile, 
the nearly colorless solid weighs 8.8 g., m.p. 
50 150-152'^(s..145'),[a]^'^o -34^"(c. 1% in ethanol). 

The cyclohexylamine salt is treated with hydrocfi- 
loric acid to yield 6.9 g. (48^,b) of N - carbobenzyloxy - 
cis - 4 - methoxy - L - proline as a pale yellow viscous 
syrup, [aJ"o - 32" (c, 1% in ethanol). 
55 d) cis ' 4 - Methoxy - L - proline 

A mixture of 6.8 g. of N - carbobenzyloxy - cis - 4 - 
methoxy - L - proline, 210 of 2:1 methanol and 
water, and 2.3 g. of 5% Pd- C is placed on a hyd- 
rogenator at 3 atmospheres of hydrogen for four 
60 hours. The mixture is filtered to remove the catalyst 
and the filtrate evaporated to give 3. 1 5 g. of a grayish 
solid; m.p. 2 18-220"Mdec.). A sample is crystallized 
from methanol-ether to yield colorless cis - 4 - 
methoxy - L - proline, m.p. 224-226" (dec), [oj"o "42' 
65 (c, 1% in methanol). 



Anal. Calc'd. fr)^H,,NO,: C, 49.64; H, 7.74; N, 9.65 
Found; C, 4^).fx^P 7.71; N, 9:54. 
e) (cis) - I -[0-3- (Acetylthio) - 2 - inethyl - 1 - 
oxopropyl] ' 4 - methoxy - L - proline 
70 cis - 4 - Methoxy - L - proline (3 g.. 0.021 mole) and 
4.2 g. (0.023 mole) of D - 3 - acetylthio - 2 - methyl- 
propionyl chloride in 5 ml. of etfier are reacted in 60 
ml. of water in the presence of sodium bicarbonate 
as described in Example 3. Approximately 20 ml. of 
75 25% sodium carbonate (w/v) is required to bring the 
pH initially to 8.5 and to maintain it at 7.5 to 8.4 
during the acylation. The resulting crude viscous 
product (6.4 g.) is dissolved in 50 ml. of ethyl acetate 
and treated with 3.9 g. of dicyclohexylamine in 20* 
80 ml. of ethyl acetate. The product crystallizes from the 
solution and is filtered and dried to yield 6.6 g. of 
dicyclohexylamine salt, m.p. 172-174'* (s. 170'*),[aJ"o 
-60° (c, 1% in ethanol). 6.5 g. of this material is 
recrystallized from 35 ml. of acetonitrile to yield 6 g. 
85 of colorless solid dicyclohexylamine salt; m p 
173-175''(s. 170"),[a)"o.-60Mc, 1% in ethanol). 

Anal. Calc'd. for C^H^NOsS C^H^N: C, 61.24; H, 
9.00; N, 5.95; S,6.81 

Found: C, 61.16; H,8.81; N, 5.95; S, 6.67. 
90 Utilizing the procedure of Example 3, the dicyc- 
lohexylamine salt is converted to the acid by sus- 
pending 5.9 g. in 60 ml. of ethyl acetate, cooling in an 
ice-bath and treating with 60 ml. of 10% potassium 
bisulfate. The layers are separated and thp aqueous 
95 phase is extracted with 50 ml. of ethyl acetate (4x). 
The organic phases are combined, dried (MgS04), 
filtered and the solvent evaporated to give 3.5 g. 
(60%) of colorless (cis) - 1 - [D - 3 - (acetylthio) - 2 - 
methyl - 1 - oxopropylj - 4 - methoxy - L - proline; 
100 m.p. 90-92" (triturated with ether), [a)^«o - 139° (c, 1% 
in ethariol), R, 0.63 (rpethanol on silica gel). 

Anal. Calc'd. for C^H^NOsS: C, 49.81 ; H, 6.62; N, 
4.84 

105 Examples 

(cis)' 4 - f\/1e(hoxy - 1 ^(D-S- mercapto - 2 - methyl- 
/ - oxopropyl) - L - proline 

The (cis) - 1 - [D - 3 - (acetylthio) - 2 - methyl - 1 
oxopropylj - 4 - methoxy - L - proline (2.9 g., 0.01 

110 mole) is hydrolyzed in 15 ml. water containing 6.5 
ml. of concentrated ariimonia as described in Exam- 
ple 4 to give 2.3 g. (93"''o) of extremely viscous (cis) - 4 

- methoxy - 1 - (D ; 3 - mercapto - 2 - methyl - 1 - 
■oxopropyl) - L - proline which becomes waxy on 

1 1 5 standing; [ -88^ (c, 1% in ethanol). 

Exrinjple 8a 

(cis) ' 4 - f\/1othoxy- 1 • (D - J - merccipto - 2 • methyl - 
/ - oxopropyl) - L - prolint?, 1 - adamnntanamine salt 
A solution of 0.55 g. (0.0022 mole) of cis - 4 - 

120 methoxy - 1 - (D-3 - mercapto - 2 - mettiyl - 1 - 
oxopropyl) - L - proline in 15 ml. of ethyl acetate is 
trf)atcd under an atmosphere of argon with a warm 
solution of 0.34 g. (0.0022 mole) of 1 - adaman- 
taneamine in 10 nil. of ethyl acetate to precipitate the 

125 salt. After three hours in the cold, the colorless solid 
is filtered under argon (solvent held tenaciously), 
washed with sofne cold ethyl acetate, and dried in 
vacuo for twenty hours to yit^ld 0.7 g. (79*^/0) of (cis) - 4 

- methoxy - 1 - (D - 3 - mt^rcapto - 2 - methyl - 1 - 
130 oxopropyl) - L - proline. 1 - adamantanamine salt. 



m.p. 215-217° (s. 210°, dec^Ol[n|?^ -60'' (c, 1% in 
methanol). 

Exarvpfti 9 

ids) - 4 - Methoxy - f - (3 - mercapto - 2 - methyl - 7 - 
5 oxopropyl) - L - proline 
a) (cis) ' 4 - Methoxy - ; - ( J - (bemoylth/o) - 2 - methyl 
- 1 - oxopropyl] ~ L - proline 

Interaction of 3 - benzoyl thio - 2 - methylpFopionyl 
acid chloride (prepared by treating 3 - benzoylthio - 2 
10 - nnethylpropanoic acid with thionyl chloride) with 
cis - 4 - methoxy - L - proline according to the general 
procedure of Example 3 yields (cis) - 4 - methoxy - 1 - 
[3 - (benzoylthio) - 2 - methyl - 1 - oxopropylj - L - 
proline. 

15 b) (cis) - 4 - Methoxy - 7- (3 - mercapto - 2 - methyl - f 

• oxopropyl) - L - proline 

Hydrolysis of (cis) - 2 - methoxy - 1 -[3 - (benzoyl- 
thio) - 2 - methyl - 1 - oxopropylj - 2 - proline with an . 

aqueous ammonia solution according to the general 
20 procedure of Example 4 yields (cis) - 4 - methoxy - 1 - 

(3 - mercapto - 2 - methyl - 1 - oxopropyl) - L - proline. 
Example 10 

(trans) - 1 -[D - 3 - (Acetylthio) - 2 - methyl - 1 - 

oxopropyl] - 4 - pro poxy - L - proline 
25 a) N ' acetyl - trans - 4 - propoxy - L - proline, propyl 

ester 

Interaction of 30 g. of N - acetyl - trans - 4 - hydroxy 
' - L • proline from Example 1(a) with 1 10 g. of silver 
oxide and 110 ml. of propyl iodide in 300 ml. of 
30 acetone according to the procedure of Example Kb) 
gives 19.6 g. (41%) of pale yellow-orange N - acetyl - 
trans - 4 - propoxy - L - proline, propyl ester; b.p. 
155-165" (0.2 mm.). 

b) N - Acetyl - trans - 4 • propoxy - L • proline 

35 A solution of 6 g. (0.15 mole) of sodium hydroxide 
in 150 ml, of water is added to 19.4 g. (0.075 mole) of 
N - acetyl - trans - 4 - propoxy - L - proline, propyl 
ester to give a pale orange solution. After standing 
overnight at room temperature, the solution is 

40 extracted with 60 ml. of ethyl acetate (wash dis- 
carded);then acidified with 1 : 1 hydrochloric acid, 
• then saturated with sodium chloride and extracted 
with 50 ml. of chloroform (3x). The organic phases 
are combined, dried (MgSO,), filtered and the sol- 

45 vent evaporated to give 12.6 g. of a brown oil. The 
latter is dissolved in 80 ml. of ethyl acetate and tre- 
ated with a solution of 10:7 g. of dicyclohexylamine 
in 20 ml. of ethyl acetate. The s Ht cryslalli;:es at 
room temperature. After standing overnight under 

50 refrigeration, the dicyclohoxylarnine salt is filtered 
and washed witfi cold ethyl actMate to give 1 7.3 g". of 
nearly colorless solid dicyclohexylamine salt; m.p. 
148-153^ Recrystallization of this material from 125 
ml. of ethyl acetate gives 14.5 <}> of colorless dicyc- 

55 lohexylamine salt; m.p. 157-159\((tJ"o -30" (c, 1% in 
ethanol). 

Anal. Calc'd. forC,oH,,N04 - C.^H^jN: C, 66.63; H, 
10.17; N, 7.07' 
Found: C, 66.47; H, 10.22; 7.06. 
60 The dicyclohexylamine salt (14.4 g.) is converted 
to the free acid by pulverizing, suspending in 100 ml. 
of ethyl acetate and treating the slurry portionwise 
with 100 ml. of 10^/o potassium brsulfate. The organic 
phase is separated and the aciueous phase is * 
65 extracted with 100 ml. of ethyl acetate (2x). The 



organic phjj^ are combined, dried (MgSO,), fil- 
tered, and l^iolvent evaporateti to give 6.7 g. (41%) 
of N - acetyl - trans - 4 propoxy - L - proline as a pale 
brown liquid. 
70 c) (trans)' f - {D - 3 - (Acetylthio) - 2 • methyl - /- 
oxopropyl] -4- propoxy ' L ' proline 

N • Acetyl - trans - 4 - propoxy - L - proline (6.4 g., 
0.03 mole) is treated with a solution of 10 g. of con- 
centrated sulfuric acid in 100 ml. of water and the 
75 resulting solution is stirred and refluxed for three 
hours. The solution is then cooled to 15^ treated por- 
tionwise with 12 g. of sodium carbonate to bring the 
pH to 8.0, and then treated with a solution of 5.4 g. 
(0.03 mole) of D - 3 - acetylthio - 2 - methylpropionyl 
80 chloride in 5 ml. of ether during 10 minutes while 7 g. 
of sodium carbonate are added to maintain the pH at 
about 8.0. The mixture is then stirred in the ice-bath 
for 30 minutes and at room temperature for one 
hour. The product is then isolated and purified as a* 
85 dicyclohexylamine salt according to the procedure 
of Example 3 to yield 6.3 g. of dicyclohexylamine 
salt; m.p. 165-167" (from acetdnitrile),[aJ"D -56^ (c, 
' 1% in ethanol). 

Anal. Calc'd. for C,.,H23N05S - C^HzjN: C, 62.62; 
90 H,9.30; N, 5.61; S, 6.43 

Found: C, 62.35; H, 9.48; N, 5.88; S, 6.45^ 
The dicyclohexylamine salt (6,1 g.) is converted to 
the free acid by suspending in 60 ml. of ethyl acetate, 
cooling in an ice-bath and treating with 60 ml. of 10% 
95 potassium bisulfate. The layers are separated and the 
aqueous phase is extracted with 60 ml. of ethyl ace- 
tate (2x). The organic phases are combined, dried 
(MgSOj), filtered and the solvent evaporated to give 
4.0 g. (42%) of (trans) - 1 - [D - 3 - (acetylthio) - 2 - 
100 methyl - 1 - oxopropylj - 4 - propoxy - L- proline as a 
nearly colorless syrup. 

Example 77 , 
7 - (D- 3 - Mercapto - 2 - methyl- 7 - oxopropylj - 
trans ' 4- propoxy - L - proline 
105 Hydrolysis of 4.0 g. of (trans)- 1 - [D - 3 - (acetyl- 
thio) - 2 - methyl - 1 - oxopropylj - 4 - propoxy - L - 
proline with 8 ml. of concentrated ammonia in 20 ml, 
of water under argon according to the procedure of 
Example 4 gives 3.42 g. (97%) of 1 - (D - 3 - mercapto - 
110 2- methyl - 1 - oxopropyl) - trans - 4 - propoxy - L - 
proline as a nearly colorless syrup, -72° (c, 1% 
in ethanol). 

Anal. Calc'd. for C^H^NO.S 1/4 HjO: C, 51.49; H, 
7.74; N, 5.05; S, 11.46 
115 Found: C, 51.66; H, 7.76; N, 5.94; S, 10,51. 

Example 12 

1 - (3 - Mercapto - 1 - oxopropyl) - cis - 4 - methoxy - L 

- prolif)e 

a) 1 - (3 - Acetylthio - 1 - oxopropyl) - cis - 4 - methoxy 

^20 - L - proline 

Following the procedure of Example 1 (d), cis - 4 - 
methoxy - L - proline is treated with a solution of 3 - 
acetylthiopropyl chloride in the presence of sodium 
carbonate to yield 1 - (3 - acetylthio - 1 - oxopropyl) - 

125 cis - 4 - metfioxy -L - proline. 

h) 1 - (3 - Mercapto - 1 - oxopropyl) - cis - 4 - methoxy 

- L - proline 

The 1 - (3 - acetylthio - 1 - oxopropyl) - cis - 4 - 
rnethoxy - L - proline is hydrolyzed with an aqueous 
130 solution of ammonia according to the procedure of 



.u^ainpHj c lo yiein } • \j • nujrcdpto - I - oxuprupyl) - 
cis - 4 - methoxy - L - proline. 

(cis} - 4 - Ethoxy -1^(0-3' me^pto - 2 - methyl - / - 
5 oxopropyf) - L - proline 
a) cis - 4 - Ethoxy - L - proline 

Following the procedure of Example 7, parts (a) to 
(d) but substituting ethyl iodide for the methyl iodide 
in part (b), one obtains (cis) - 4 - ethoxy - L - proline 
^Objfcis)- r - [O- 3 '(AcetylthioJ-2- methyl- f- 
oxopropyl] - 4 ' ethoxy - L - proline 

The (cis) - 4 - ethoxy - L - proline is reacted with a 
solution of D - 3 - acetylthio - 2 - methylpropionyl 
chloride in the presence of sodium carbonate 
15 according to the procedure of Example 7(e) to yield 
(cis) - 1 - [D - 3 - (acetylthio) - 2 - methyl - 1 - oxop- 
ropylj -4 - ethoxy. L- proline. 

c) (cis) - 4 - Ethoxy -f-(0^3- mercapto - 2 - methyl • 
1 ' oxopropyl) - L - proline 

20 The cis - 1 - [D - 3 - (acetylthio) - 2 - methyl - 1 - 

oxopropylj - 4 - ethoxy - L - proline is hydrolyzed with 
a solution of aqueous ammonia according to the 
procedure of Example 8 to yield (cis) - 4 - ethoxy - 1 - 
(O - 3 - mercapto - 2 - methyl - 1 - oxopropyl) - L - 

25 proline. 

Example 14 

(trans) - 4 - Allyloxy ~l-(D-3- mercapto - 2 - methyl 
- f - oxopropyl) ' L • proline 
3) (trans) '4- Allyoxy- proline 
30 Using the procedure of Example 1, part b, but sub- 
stituting allyl bromide for methyl iodide gives the 
(trans) - N - acetyl - 4 - ^illyl - L - proline; ally! ester. 
The latter is then hydrolyzed as described in Exanv 
* ■ pie 1, part c, to give (trans) - 4 - allyloxy - L - proline 
. 35 b) (trans) J - (Acetylthio) - 2 - methyl- f - 

oxopropyl] • 4 - allyloxy - L - proline 

Interaction of the (trans) - 4 - allyloxy - L - proline 
from part (a) with an equivalent quantity of D - 3 - 
(acetylthio) - 2 - methylpropionyl chloride according 
40 to the procedure of Example 3 gives (trans) - 1 - [D - 3 

- (acetylthio) - 2 - methyl - 1 - oxopropylj - 4 - allyloxy 

- L - proline, 

cl (trans) - 4 • Allyloxy - 1 -(0-3- mercapto - 2 - 
methyl - f - oxopropyl) - L - proline 

45 The (trans) - 1 - [D - 3 - (acetylthio) - 2 - methyl - 1 - 
oxopropyl] - 4 - allyloxy - L - proline Is hydrolyzed 
with an aqueous ammonia solution according to the 
procedure of Example 4 to give (trans) - 4 - allyloxy - 
1 - (D - 3 - mercapto - 2 - methyl - 1 - oxopropyl) - L - - 

50 proline. 

Example 15 

1 -(D- 3 - Mercapto - 2 - methyl - 1 • oxopropyl) - 
trans - 4 - propargyloxy - L - proline 
a) (trans) - 4 - propargyloxy - i - proline 

55 Using the procedure of Example 1, part b, but sub- 
stituting propriryyl bromide for methyl iodide gives" 
the (trans) - N - acetyl - 4 - propargyl - L -.proline, 
propargyl ester. The latter is then hytJrolyzed as 
described in Example 1. parte, to give the (trans) - 4 - 

60 propargyloxy - proline. 

bl (trans) - f -[D'3 -(Acetylthio) - 2- methyl - / - 
oxopropyl] - 4 ' propargyloxy - L - proline 

Interaction of the (trans) - 4 - prop-Trgyloxy - L - 
proline from part (a) with an equivalent quafitity of D 

65 -3- (acetylthio) - 2- methylpropionyl chloride 



according to the procMfure of Example 3 gives 
(trans) • 1 - ( D -^icetylthio) - 2 - methyl - 1 . 



oxopropylj - 4 -^pargyloxy - L - proline. 
cn-ID-3- Mercapto - 2 ■ methyl - l - oxopropyl) - 
/O trans - 4 - propargyloxy - L ■ proline 

The (trans) - 1 - ( D - 3 - (acetylthio) - 2 - methyl - 1 - 
oxopropylj - 4 - propargyl . L - proline is hydrolyzed 
with an aqueous ammonia solution according to the 
procedure of Example 4 to give I - [(D - 3 - mercapto - 
/5 2 - methyl - 1 - oxopropyl)] - trans - 4 - propargyloxy - 
L- proline. 

Example 16 
I trans) - 4 ■ Bemyloxy -1-(D-3- mercapto - 2 - 
methyl - J - oxopropyl) - L - proline 
80 a) (trans)- 4- Benzyloxy-L - proline 

Using the procedure of Example 1, part b, but sub- 
stituting benzyl chloride for methyl iodide gives the 
(trans) - N - acetyl - 4 - benzyloxy - L - proline, benzyl 
ester. The latter is then hydrolyzed as described in 
Hb Example 1 , part c, to give the (trans) - 4 - benzyloxv - 
L - proline. . r r 

b) (trans) -I-[D-3- (Acetylthio) - 2 - methyl - / - 
oxopropyl] - 4 ■ bemyloxy - L - proline 

Interaction ofthe (trans)- 4- benzyloxy-L- proline 
au from part (a) with an equivalent quantity of D - 3 • 
(acetylthio) - 2 - methylpropionyl chloride according 
to the procedure of Example 3 gives (trans) - 1 - fo - 3 
- (acetylthio) - 2 - methyl - 1 - oxopropyll - 4 - ben- 
zyloxy - L - proline. 
95 (trans) - 4 ■ Bemyloxy .1.(D-3- 'mercapto - 2 - 
methyl- 1 . oxopropyl) -L - proline 

The (trans) - 1 .[D - 3 - (acetylthio) - 2 - methyl . 1 - 
oxopropylj - 4 - benzyloxyl - L - proline is hydrolyzed 
inn ammonia solution according to the 

100 procedure of Example 4 to give (trans) - 4 - benzyloxy 
- 1 - p - 3 - mercapto - 2 - methyl - 1 - oxopropyl) - L - 
proline. .^^ ' . 

Example 17 

J -ID- 3- Mercapto - 2 - methyl - / - oxopropyl) - 
105 trans - 4 - phencthyloxy - L - proline 

a) (trans) - 4 - Phenethyloxy - L -proline 
Using the method of Example 1, part b, but sub- 
stituting phenethyl bromide for methyl iodide gives 

1 in \f '"''u ^' ' ^ ' ^"'''y' ■ ■ P'^enethyloxy - L - proline, 
no phenethyl ester. The latter is then hydrolyzed as 

described in Example 1, part c, to give the (trans) - 4 - 
phenethyloxy. L- proline. 

b) (trans) -1 - [d - 3 - (Acetylthio) - 2 - methyl - ; - 
. oxopropyl] - 4 . phenethyloxy - L - proline 
115 lnteractionofthe(trans)-4-phenethyloxy-L- 

prolme from part (a) with an equivalent quantity of D 
• 3 - (acetylthio) ■ 2 • methylpropionyl chloride 
according to th,. procedure of Example 3 gives 
(trans) - 1 - [d - 3 - (acetylthio) - 2 - methyl - 1 - 

120 oxopropylj - 4 . phenethyloxy - L - proline. 

c) 1-(D-3- Mercapto - 2 - methyl - / - oxopropyl) - 
trans ■ 4 ■ phenethyloxy ■ L - prolirw 

The trans .- 1 -{□- (acetylthio) - 2 - methyl - 1 - 
oxopropylj - 4 • phenethylbxy - L - proline is hydrol- 
i^b yzed with an aqueous ammonia solution according 
to the procedure of Example 4 to give 1 - (D - 3 - 
mercapto - 2 - methyl - l - oxopropyl) - trans - 4 - 
phenethyloxy -L- proline. • 

Example 18 

UQ l-(D-3- Mercapto - 2 - methyl - 1 - oxopropyl) - cis - 



■ 3- methoxy-L- proline 

' a)1 -[D-3' (Acetylthiol - 2 - n^^f - 1 - oxopropy/\ - 
as ' 3- me(hoxy-L' proline 

Utilizing the procedure described in Example 7, 
5 but substituting an equivalent quantity of (cis) - 3 - 
riiethoxy - L - proline (J. Arner. Chern. Soc. 85, 3863 
(1963)) forthe(cis|-4-methoxv-L- proline, 1 - [D-3 

- (acetylthio) - 2 • methyl - 1 - oxopropyl) - cis - 3 - 
methoxy - L - proline is obtained. 

10 b) 1'(D-3' Mercapto • 2 - methyl - 1 - oxopropyl) - 
ciS'3- methoxy 'L- proline 

The 1 -[D-3-(acetylthio) -2 -methyl - 1 - oxop- 
ropyl) - cis - 3 - methoxy - L - proline is hydrolyzed 
with an aqueous anunonia solution according to the 

15 procedure of Example 4 to yield 1 - (D - 3 - mercapto - 
2 - methyl - T - oxopropyl) - cis - 3 - methoxy - L - 
prolirie. 

Example 19 

1 -(DX-3- Mercapto - 2 - methyl - 1 - oxopropyl) - 
20 trans - 3 - methoxy - L - proline 

a) 1 ' [at ' 3 - (Acetylthio) - 2 - methyl - 1 - oxopropyl\ 

- trans - 3 - methoxy - L - proline 

Interaction of equivalent quantities of (trans) - 3 - , 
' methoxy - L - proline (J. Amer. Chem. Soc. 85. 3863 
25 (1963)) and D.L - 3 - (acetylthio) - 2 - methylpropionyl 
chloride according to the procedure described in 
Example 3 gives 1 - [D,L - 3 - (acetylthio) - 2 - methyl - " 
1 - oxopropylj - trans - 3 - methoxy - L - proline.. 
bl 1 - (DX '3 - Mercapto - 2 - methyl- i - oxopropyl) - 
30 trans - 3 - methoxy - L - proline 

The 1 -[D,L-3-(acetylthio) - 2 - methyl - 1 - 
oxopropyl] - trans 3 - methoxy - L - proline is hyd- 
rolysed with, an aqueous ammonia solution at^j^ord- 
ing to the procedure of Example 4 to yield 1 - (D,L - 3 
35 - mercapto - 2 - methyl - 1 - oxopropyl) - trans - 3 - 
methoxy- L- proline. 

Example 20 

J -ID- 3- Mercapto - 2 - methyl - 1 - oxopropyl) - cis - 
4 - methylthio - L - proline 

a) 1 ~[D-3- (Acetylthiol - 2 - methyl - 1 - oxopropyl] - 
ciS'4- methylthio - L - proline 

Interaction of equivalent quantities of cis - 4 - 
methylthio - L - proline[J. Amer. Chem. Soc, 79, 185 
(1957)] and D- 3 - (acetylthio) - 2 - methylpropioriyl 
45 chloride according to the procedure of Example 3 
gives 1 - [D - 3 - (acetylthio) - 2 - methyl - 1 - oxop- 
ropylj - cis - 4 - methylthio - L - proline. 

b) I -(D-3- Mercapto ■ 2 - methyl - / - oxopropyl) - 
cis -4- methylthio -L -proline 

50 The 1 -[D-3 - (acetylthio) - 2 - methyl - 1 - oxop- 
ropyl] - cis - 4 - methylthio - L - proline is hydrolysed 
with an aqueous ammonium solution according to 
' the procedure of Exanip'^^ 4 to give 1 - (D - 3 - mer- 
capto - 2 - methyl - 1 - oxopropyl) - cis - 4 - methylthio 

55 - L - proline. 

Exan)plc21 

1 - (D- 3 -Mercapto - 2 - methyl - 1 - oxopropyl) - . 

trans - 4 - methylthio - L - proline 

a) 1-[D-3- (Acetylthiol - 2 • n}cthyl - / - oxopropyl] - 

60 trans -4- methylthio - L - proline 

Interaction of equivalent quantities of trans - 4 - 
methylthio - L - proline [ J. Amer. Chem. Soc, 79, 185 
(1957)) and D-3 - (acetylthio) - 2 - methylpropionyl 
chloride according to the procedure of Example 3 

65 gives 1 - [D - 3 - (acetylthio) - 2 ■ methyl - 1 - oxop- 



ropyl) -tuins-4-ni.:lhvlthi()-L-prolin(;. 

bl 1 -(D -S- Ml'^^o - 2 ^ methyl - 1 - oxopropyl) - 

trans - 4 - n)eth^Wo - i ' proline 

The 1 - jD- 3- (acetylthio) - 2- methyl -1 - oxop- 

70 ropylj - trans - 4 - methylthio - L - proline is hydrol- 
yzed with an a(iueous ammonia solution according 
to the procedure of Example 4 to give 1 - (D - 3 - 
mercapto - 2 - methyl - 1 - oxopropyl) - trans - 4 - 
methylthio - L - proline. 

75 Example 22 

1-(D-3- Mercapto - 3 - methyl - 1 - oxopropyl) - cis • 
4 -(4- pentenylthiol - L - proline 

a) (cis) -4 - (4- Pentcnylthio) - L - proline 
Interaction of (cis) - N - acetyl - 4 - mercapto - L - 

80 proline [Chem. Pharm. Bull., 20, 543 ( T972)[ with 5 - 
bromo - 1 - pentene in acetone in the presence of 
silver oxide according to the procedure of Example 
1 part b, gives the (cis) - N - acetyl - 4 - (4 - pentenyl- 
thio - L - proline, 4 - pentenyl ester. The latter is then 

85 hydrolyzed as described in Example 1, parte, to .give - 

the cis - 4 - (4 - pentenylthio) '- L - proline. 

b) 1'[D-3- (Acetylthiol - 3 - methyl - 1 -oxopropyl] - 
cis -4 - (4- pentenylthio) - L - proline 

Interaction of cis - 4 - (4 - pentenylthio) - L - proline 
90 with an equivalent amount of D - 3 - (acetylthio) - 3 - 
methyl - propionyl chloride according to the proce- 
dure of Example 3 gives 1 - [D - 3 - (acetylthio) - 3 - 
methyl - 1 - oxopropylj - cis - 4 - (4 - pentenylthio) - L - 
proline. 

95 c)1 '(D-3- Mercapto - 3 - methyl - 1 - oxopropyl) - 
cis -4 - (4- pentenylthiol - L - proline 

The 1 - [D - 3 - (acetylthio) - 3 - methyl - 1 - oxop- 
ropyl) - cis - 4 - (4 - pentenylthio) - L - proline is 
hydrolyzed with an aqueous ammonia solution 
100 according to the procedure of Example 4 to yield 1 - 
(D-3 - mercapto - 3 - methyl - 1 - oxopropyl) - cis - 4 - 
(4- pentenylthio) - L- proline. 

Example 23 
(trans) - 1 -[D- 3 - (Acetylthio) - 2 - methyl - 1- 
105 oxopropyl] - 4 - methoxy - L - proline, methyl ester 
A solution of the material from Example 3 in ether 
is treated with a slight excess of diazomethane. After 
standing at room te.iiperature. the solvent is evapo- 
rated to give (trans) - 1 -[D- 3 - (acetylthio) - 2 - 
1 1 0 methyl > 1 - oxopropyl) - 4 - methoxy - L - proline, 
methyl ester. 

Similarly, by employing the cis material from 
Example 7 in this procedure one obtains (cis) - 1 -[□ - 
3 - (acetylthio) - 2 - methyl - 1 - oxopropyl - 4 - 
115 methoxy - L- proline, methyl ester. 

Example 24 

/ r - [Dithiodi -li -D-3- mercapto - 2 - methyl - 1 - 
oxopropyl)] - bis - [(trans) - 4 - methpxy - L - Proline] 
A solution of the material from Example 4 is dis- 
120 solved in ethanol, stirred and treated with a solution 
of one equivalent of iodine in ethanol. The pH of the 
solution is maintained at 6-7 by the addition of 
N-sodium hydroxide solution. The solvent is evapo- 
rated and the residue extracted with ethyl acetate. 
1 25 After drying over MgSO,, the solution is filtered and 
the solvent is removed to give I.V -[dithiod. (1 - D - 3 
- mercapto - 2 - methyl - 1 - oxopropyDj - bis - [(trans). 
-4- methoxy -L- proline]. 

Similarly, by employing the cis material from 
130 Example 8 in this procedure one obtains 1,1' - 



• dithiodi-(1-D-3-mur.;.i()Ui-/ -m.:.ny. • . 
oxQpropyDl - bis -[(cis - 4 - methoxyj. - prolim!|. 

Exnmple 25 



Sodium salt of (trans) - 4 - methoxW^ - {D - 3 - 
5 mercapto - 2 - methyl - t - oxopropyf) - L - pro/me 
A solution of 2.5 g. of material from Excunple 4 in 
25 ml. of water is treated with 0.84 g. of sodium 
bicarbonate. The solution is freczo-dried to yive the 
sodium salt of (trans) - 4 - methoxy - 1 - (D - 3 - mer- . 
10 capto - 2 - methyl - 1 - oxopropyl) - L - proline. 
Similarly, by employing the cis material from 
Example 8 in this procedure one obtains the sodium 
salt of (cis) - 4 - methoxy - 1 - (D - 3 - mercapto - 2 - 
methyl - 1 - oxopropyl) - L - proline. 
15 Example 26 

f.(4- Mercapto - / - oxobutyl) - cis - 4 • methoxy - L - 
proline 

a) (cis I -1 - (4- Acetylthio - 1 - oxobutyl) - 4 - methoxy 
- L - proline 

20 Interaction of an equivalent quantity of (cis) - 4 - 
methoxy - L - proline with 4 - acetylthiol)Utyroyl 
chloride according to the procedure described in 
Example 1 gives (cis) - 1 - (4 - acetylthio - 1 - 
oxobutyl) - 4 - methoxy - L - proline. 

25 b)1'(4' Mercapto - / - oxobutyl) - cis - 4 - methoxy - 

L' proline ^ i\ 

Hydrolysis of (cis) - 1 - (4 - acetylthio - 1- oxobutyl) 
. 4 - methoxy - L - proline with an aqueous ammonia 
■ solution according to the procedure of Example 2 
30 yields 1 - (4 - mercapto - 1 - oxobutyl) - cis - 4 - 
methoxy- L- proline. 

E)iampfe27 

I'd' 3' Mercapto - 2 - ethyl - 1 - oxopropyl) - trans - 
4' methoxy ■ D' proline 

35 a) (trans) -1'[L-(3- Acetylthio) - 2 - ethyl - / - 
oxopropyl] '4- methoxy - D - proline 

Utilizing the procedure of Example 1 but sub.stitut- 
log (trans) - 4 r hydroxy - D - proline for the (trans) - 4 

. -hydroxy -L-. proline in part (a) the (trans) -4- 

40 methoxy - D - proline is obtained. By interacting the 
latter compound with L - (3 ^ acetylthio) - 2 - ethyl- 
propionyl chloride according to the procedure of 
Example 3. (trans) - 1 - [L - (3 - acetylthio) - 2 - ethyl - 1 
- oxopropyl] - 4 - methoxy - D - proline is obtained. 

45 b)1'(L-3' Mercapto - 2 - ethyl - / -oxopropyl) - 

trans - 4 - methoxy - D - proline 

Hydrolysisof(trans)-l-|L-(3-acetylth.o)-2- 

ethyl - 1 - oxopropyl] - 4 - methoxy- D - proline w.th 
an aqueous ammonia solution according to the pro- 
50 cedure of Example 4 given 1 - (L - 3 - mercapto - 2 - 
ethyl - 1. - oxopropyl) - trans - 4 - methoxy - D - 
proline. 

Example 28 

. 1^(2- Mercapto - / - oxoethyl) - trans - 4 - methoxy - 

55 L' proline w /i ^ 

a) (trans) - I '(2 ' Acetylthio - / - oxoethyl) -4- ■ 

methoxy - L - proline . 

Utilizing the prpcedure of Example 1 , but substitut- 
inq 2 - acetylthioncetyl chloride for the 3 - acetyl- 
60 thiopropionyl chloride, (trans) - 1 - (2 - acetylthio - ^ - 
oxo.>thyl) - 4 - methoxy - L - proline is obl/.uned. 

b) 1 - (2- Mercapto - / - oxoethyl) - trans - 4 - methoxy 

- L - proline 

Hydrolysis of trans - 1 - (2 - ar»^tyilhio - 1 - 
65 oxoethyl) - 4 - methoxy - L - proline with an aqueous 



K ,;iiiiplo2yi«jltis 1 - (2 - menMpto - 1 - oxoethyl) - 
trans - 4 - methoxy ^|^:iroltno. 

70 1 .(2- Mercapto - / - oxoethyl) - cis - 4 - methoxy - L - 
proline 

a) (cis) - J ' (2- Acetylthio - / - oxoethyl) - 4 ■ methoxy 

- L - proline 

Following the procedure of Example 28, cis - 4 - 
75 methoxy - L - proline is treated with a solution of 2 - 
acetylthioacetyl chloride in the presence of sodium 
carbonate to yield (cis) - 1 - (2 - acetylthio - 1 - 
oxoethyl) - 4 - methoxy - L - proline. 

b) 1'(2- Mercapto - 1 - oxoethyl) - cis - 4 - methoxy - 
80 L- proline 

Hydrolysis of (cis) - 1 - (2 - acetylthio - 1 - oxoethyl) 

- 4 - methoxy - L - proline with an aqueous ammonia 
. solution yields 1. - (2 - mercapto - 1 - oxoethyl) - cis - 4 

- methoxy - L- proline. 
85 Example 30 

7.(2- Mercapto - 1 -oxoethyl) - cis - 4 • methylthio - L 
-proline 

a) (cis) '1 -(2- Acetylthio - 1 - oxoethyl) - 4 - methyl- 
. thio - L - proline 

90 Interaction of equivalent quantities of (cis) - 4 - 

methylthio - L - proline[J. Amer, Chem. Soc, 79, 185 
(1957] and 2 - acetylthioacetyl chloride according to 
the procedure described in Example 1 , yields (cis) - 1 

- (2 - acetylthio - 1 - oxoethyl) - 4 - methylthio - L - 
95 proline. 

b) 1'(2- Mercapto - 1 - oxoethyl) - cis - 4 - methylthio 
-L - proline 

Hydrolysis of (cis) - 1 -(2 - acetylthio - 1 - oxoethyl) 

- 4 - methylthio - L- proline with an aqueous 
TOO ammonia solution according to the procedure of 

Example 2 yields 1 - (2 - mercapto - 1 - oxoethyl) - cis 

- 4 - methylthio - L - proline. 
Example 31 

1.(D-3' Mercapto - 3 - methyl - 1 - oxopropyl) • cis - 
105 4- (4- pentynylthio) - L - proline 

a) (cis) - ; - [D - J - (Acetylthio) - 3 - methyl - f - 
oxopropyl] - 4 - (4 - pentynylthio) - L - proline 

Interaction of (cis) - N - acetyl - 4 - mercapto - L - 
proline with 5 - chloro - 1 - pentyne in acetone in the 
110 presence of silver oxide according to the procedure 
of Example 1 , part b, gives (cis) - N - acetyl - 4 - (4 - 
pentynylthio) - L - proline, 4 - pentynyl ester. The 
latter is then hydrolyznd as described in Example 1, 
part c. to give the (cis) - - acetyl - 4 - (4 - pentynyl- 
115 thio) - L - proline. Interaction of this compound with 
an equivalent quantity of 0.-3- (acetylthio) - 3 - 
methyl - propionyl chloride according to the proce- 
dure of Example 3 gives (cis) - 1 - [D - 3 - (acetylthio) - 
3 - methyl - 1 - oxopropyl] - 4 - (4 - pentynylthio) - L - 
120 proline. 

bl t -(D- 3' Mercapto -3 -methyl - 1 - oxopropyl) - 
cis - 4 - (4- pentyf)ylthio) - L - proline 

Hydrolysisof (cis) - 1 - [D - 3 - (acetylthio) - 3 - 
■ methyl - 1 - oxopropyl] - 4 - (4 - pentynylthio) - L - 
125 proline witli an aqueous ammonia solution accord- 
ing to the procedure of Example 4 gives 1 - (D - 3 - 
mercapto - 3 - methyl - 1 - oxopropyl) - cis - 4 - (4 - 
pentynylthio) - L- proline. 

Example 32 

1 30 (cis) - 4 - Bemylthio - 1 - (DX - 3 - mercapto - 3 - ethyl - 



J ' oxopropyl) - L - prohot^ 
. a) (cis) ' 1 - \DX'3' (Acetylth^^ 3 - ethyi - 1 - 
oxopropyl\ - 4 - benzylthio • m^o/tno 

Interaction of (cis) - N - acetyl - 4 - mercapto - L - 
5 proline with benzyl chloride in acetone in the pres- 
ence of silver oxide according to the procedure of 
Example 1, part b, gives (cis) - N - acetyl - 4 - benzyl- 
thio - L - proline, benzyl ester. The latter is hydrol- 
yzed as described in Example 1 , part c, to give ^cis) - 
ION - acetyl - 4 - benzylthio - L - proline. Interaction of 
this compound with an equivalent amount of D,L - 3 - 
(acetylthio)valeroyl chloride according to the proce- 
dure of Example 3 gives (cis) - 1 - [D.L - 3 - (acetyl- 
thio) - 3 - ethyl - 1 - oxopropylj - 4 - (benzylthio) - L - 
15 proline. • 
b) (cis) - 4 - Benzyithio -1 ■ (D,L - 3- mercapto - 3 - 
ethy/ ' 1 - ox op ropy/) - L - proline 

Hydrolysis of (cis) - 1 - [D,L - 3 - (acetylthio) - 3 - 
. ethyl - 1 - oxopropyl) - 4 - (benzylthio) - L - proline 
20 with an aqueous arhmonia solution according to the 
procedure of Example 4 gives (cis) - 4 - benzylthio - 1 

- (D.L - 3 - mercapto - 3 - ethyl - 1 - oxopropyl) - L - 
proline. 

Example 33 

25 hi' -[Dithiodi - (1 - D - 3 - mercapto • 2 - methyl - 1 - 
oxopropyl)] - bis[(trans) - 4 - methylthio - L - proline] 

The product of Example 21 is treated with iodine in 
ethanol according to the procedure described in 
Example 24 to give 1 J'.-[dithiodi - (1 - D-3 - mer- 

,30 capto - 2 - methyl - 1 - oxopropyl)) bis[(trans) - 4 - 
methylthio - L - proline].. 

Example 34 
(cis) - I -[D-3- (Benzoyl thiol - 2 - methyl - / - 
oxopropyl] - 4 - methylthio - L - proline * 

35 Interaction of equivalent quantities of (cis) - 4 - 
methylthio - L - proline (J. Amer. Chem. Soc, 79, 185 
(1957)) and D - 3 - (benzoylthio) - 2 - methyl ^ prop- 
ionyl chloride according to the procedure of Exam- 
ple 3 gives (cis) - 1 - [D - 3 - (benzoylthio) -.2 - methyl - 

40 V- oxopropylj - 4 - methylthio - L - proline. 

Example 35 

(trans) - 1 -[0-3- (Phenylacetyl) - 2 - methyl - 7 - 
oxopropyl] - 4 - methylthio - L - proline 

Interaction of equivalent quantities of (trans) - 4 - 
45 methylthio - L - proline (J. Arner. Chem. Soc, 79, 185 
(1957)) and 0 - 3 - (phenylacetylthio) - 2 - methyl- 
propionyl chloride according to the procedure of 
Example 3 gives (trans) - 1 -| D - 3 - (phenylacetyl) - 2 

- methyl - 1 - oxopropylj - 4 - methylthio - L - proline. 
50 Example 36 

(cis) -4 - (4- Fluorophenoxy) - 1 - (D-3 - mercapto - 2 

- methyl - 1 - oxopropyl) - L - proline 

a) (cis) - 4 - (4 - Fluorophenoxy) - L - proline 
To a solution of 8.4 g. (0.024 mole) of N - car- 

55 bobenzoxy - trans - 4 - hydroxy - L - proline, benzyl 
ester [Baer et al., Can. J. BiochtMu. & Rhys., J7, 583 
( 1 959)j, 4.0 g. (0.036 mole) of 4 - fluoropheriol and 
9.27 g. (0.036 mole) of triphenyiphosphine in 75 ml. 
of dry tetrahydrofuran there is afMe<l cfropwise over 

60 one hour 6.2 g. (0.036 mole) of diothyku^^dicarboxy- 
iate in 25 ml. of tetrahydrofuran. The sc^lution is 
allowed to stir overnight at room temperature. The 
mixture is evaporated to dryness and 100 ml. of 
ether is added to the restciue. A prr;r,ipitjtc of 

65 triphonylphosphine and diethylazodic,irboxylat<Vis 



filtered olf. Column ijlir(jmatoyraphy (silica cjel) 
separates ()uI^B|Q. of a mixture containing about 
70^0 N - car ho^iPzoxy - cis - 4 - (4 - fluorophenoxy) - 

L - proline, benzyl ester. 
70 A solution of 7.5 g. of the above benzyl ester con- 
taining mixture is hydrogenated at 1 atmosphere 
(room teniperature) with 0.8 g. of 1C"/o Pd/C. A white 
precipitate forms during the reaction. After uptake of 
, hydrogen ceases, the mixture is filtered and the filter 
75 cake leached with three 125 ml. portions pf hot 
methanol. The methanol solution is evaporated to 
dryness to yield 3.2 g. of cis - 4 - (4 - fluorophenoxy) - 
L- proline; m. p. 235-236'. 
Anal. Calc'd. for C,,H„FNOj • 1/3 H,0: C, 57.14; 
80 5.48; N, 6.06; F, 8.22 

Found: C, 56.94; H, 5.19; N, 5.94; F, 7.97.. 

b) 1 -[D -3 - (Acetylthio) - 2 - methyl - / - oxopropyl] - 
cis '4' (4 - fluorophenoxy) - L - proline 

To a suspension of 2.25 g. (0.01 mole) of cis - 4 - (4 , 

85 - fluorophenoxy) - L - proline in 125 ml. of'dry 

pyridine at room temperature there is added 1 .0 g. 
(0.01 mole) of triethylamine and 2 g. (0.01 1 mole) of 
D-3 - (acetylthio) - 2 - melhylpropionyl - chloride. 
After stirring overnight at room temperature the 

90 mixture is evaporated to dryness. The residue is 
taken up in water, covered with ether and acidified 
with lO^'o hydrochloric acid. The water layer is 
repea'tedly extracted with ether, the ether layers are 
combined, washed with water,. dried (NajSOJ and 

95 evaporated to dryness to yield 3.9 g. of residue. The 
residue is chromatographed on 250 ml. of silica gel 
with ether to yield a fraction containing the desired 
product. The column is. washed with methanol and 
the methanol washing is rechromatographed on a 

100 short silica gel column to yield more product. This 
procedure is repeated once more to yield a total of 
1.2 g. of pure 1 - [D - 3 - (acetylthio) - 2 - methyl - 1 - 
oxopropylj - cis - 4 - (4 - fluorophenoxy) - L - proline. 

c) (cis) -4 - (4- Fluorophenoxy) - 1 -(0-3- mercapto - 
105 2 -methyl - 1 - oxopropyl) ^ L - proline 

1.2g.of 1 -[D-3-(acetylthio)-2-methyl- 1 - 
oxopropyl) - cis - 4 - (4 - fluorophenoxy) - L - proline 
is dissolved in 25 ml. of methanol and treated with 5 
ml. of concentrated ammonia under argon for 40 

110 minutes. The volatiles are stripped off and the 

residue is covered with ethyl acetate. The water layer 
is acidified with 10"/o hydrochloric acid. The layers 
are separated and the acid layer is washed with ethyl 
acetate. The combined organic layers are stripped 

115 NA/ith water (2x), saturated sodium chloride solution 
(2x), and dried (Na,SO.). The solvent is stripped off 
to yield 1.1 g. of a solid foam residue of cis • 4 - (4 - 
fluorophenoxy) - 1 - (D - 3 - mercapto - 2 - methyl - 1 - 
oxopropyl) - L - proline. 

120 Anal. Calc'd. for C.H^FNO^ ■ 1/3 H^O: C, 54.05; H, 
5.70; N. 4.20; F, 5.70; S, 9.60 

Found: C, 54.04; H, 5.71 ; N, 4.05; F, 5.40; 9.61. 
Thin layer chroniatography showed the product at 
Rf 0.30 as detected by UV-light, SH reagent (yellow 

125 spot) and vanillin (yellow spot).[aJ"o -80^ (c, 1% in 
chloroform). 

Example 37 

1 - (3 - Mercapto - 1 - oxopropyl) - cis - 4 - phenoxy - L 

-proline 

130 a) (cis) • 4 - Phenoxy'-- L - proline 



Followtfuj the proctMluro of Examf)!*? 3fi(,i) hut 
substituting an equivalent arTi()ur>t of phonol for the 
4 - fluorophenol one obtains |^^- 4 - pfienoxy - L - 
proline. 

5 b) f '[3- (Acetylthio) - / - oxopropyl] - cis - 4 - 
phenoxy - L - pro/me 

The (cis - 4 - phonoxy - L - proline is reaf;te(1 with a 
solution of 3 - acetylthiopropionyl chloride in the 
presence of sodium carbonate according to the pro- 
10 cedure of Example 1 to yield 1 - [3 - (acetylthio) - 1 - 
oxopropylj - cis - 4 - phenoxy - L - proline. 
c) 7 - (3- Mercapto - / - oxopropylj - cis - 4 - phenoxy - 
L - proline 

Hydrolysis of 1 - ( 3 - (acetylthio) - 1 - oxopropylj - 
15 cis - 4 - phenoxy - L - proline with an aqueous 
ammonia solution according to the procedure of 
Example 2 yields 1 - (3 mercapto - 1 - oxopropyl)- 
cis - 4 - phenoxy - L - proline. 

Example 38 

20 r -(D-3' Mercapto - 2 - methyl - 1 - oxopropyl) - cis - 
4- (4- methyl - benzyloxy) - L - proline 

Following the procedure of Example 36 but sub- 
stituting an equivalent amount of 4 - methylbenzyl 
alcohol for the 4 - fluorophenol in part (a) one 
25 obtains 1 - (D - 3 - mercapto - 2 - methyl - 1 - oxop- 
ropyl) - cis - 4 - (4 - methyl - benzyloxy) - L - proline. 
Example 39 

I - (D'3- Mercapto - 2 - methyl- 1 - oxopropyl) - cis - 
4 - phenethyloxy - L - proline 

30 Following the procedure of Example 36 but sub- 
stituting an equivalent amount of phenethyl alcohol 
for the 4 - fluorophenol in part (a) one obtains 1- (D - 
3 - mercapto - 2 - methyl - 1 - oxopropyl) - cis - 4 - 
phenethyloxy - L - proline. * 

35 Example 40 

1 ' (D-3 - Mercapto - 2 - methyl - 1 - oxopropyl) - cis - 
4: (3 - methyl - thiophenoxy) - L - proline 

Following the procedure of Example 36 but sub- 
stituting an equivalent amount of 3 - methyl- 

40 thiophenol for the 4 - fluorophenol in part (a) one 
obtains 1 - (D - 3 - mercapto - 2 - methyl - 1 - oxop- 
ropyl) - cis - 4 - (3 - methylthiophenoxy) - L - proline. 
Example 41 

(cis) - 4' (4 - Chlorophenoxy) - 1 • (D- 3- mercapto - 2 
45 - methyl - 1 - oxopropyl) - L - proline 

Following the procedure of Example 36 but sub- 
stituting an equivalent amount of 4 - chlorophenol 
. for the 4 - fluorophenyl in part (a) one obtaifis (cis) - 4 
- (4 - chlorophenoxy) - 1 - (D - 3 - mercapto - 2 - methyl 
50. - 1 - oxopropyl) - L - proline. 

Example 42 

7 - (2 - Mercapto - / - oxoethyl) - cis - 4 - (4 • methox- 
y phenoxy) - L - proline 

a) (cis) - 4 - (4 ' Methoxyphenoxy) - L - proline 

55 Following the procedure of Ex;ifnple 36 (a) but 
substituting an equivalent amount of 4 - methoxy - 
phenol for the 4 - fluorophenol ont) obtains (cis) - 4 - 
(4 - methoxyphenoxy) - L - proline. 

b) 1 - [2 - (Acetylthio) - 1 - oxoethyl] - cis ~ 4 - (4- 
60 methoxyphenoxy) - L - proline 

The (cis) - 4 - (4 - methoxyphenoxy) - L - proline is 
reacted with a solution of 2 - acetylthioac^jtyl 
chloride according to the procedure of Example 1, 
part (d), to yield 1 - [2 - (acetylthio) - 1 - oxoethylj - cis 
65 - 4 - (4 - methoxyphenoxy) - L - proline. . • 



cl 7 ' (2 - Mercnpta ■ / - oxoethyl) - c/s • 4 - (4 • 
met hex yphemigj^- L - proline 

Hydrolysis o^P| 2 - (acetylthio) - 1 - oxoethyl) - cis 

- 4 - (4 - methoxyphenoxy) - L - proline with an aque- 
70 ous ammonia solution according to the procedure of 

Exampif; 2 yields 1 - (2 - mercapto - 1 - oxoethyl) - cis 

- 4 - (4 • methoxyphenoxy) - L - proline. 

Example 43 

(cis) -4' (4- Fluorophenylthio) - 7 - (D - 3 - mercapto - 
75 2 - methyl - 7 - oxopropyl) - i - proline 

Following the procedure of Example 36 but sub- 
stituting an equivalent amount of 4 - fluorophenyl - 
mercaptan for the 4 - fluorophenol in part (a) one 
obtains (cis) - 4 - (4 - fluorophenylthio) - 1 - (D - 3 - 
80 mercapto - 2 - methyl - 1 - oxopropyl) - L - proline 
Example 44 

7 -(D-3- Mercapto - 2 - methyl - 7 - oxopropyl) - cis - 

4 r phenylthio - L - proline 

a) N - Carbobenzyloxy- cis - 4 - phenylthio - L • 

85 proline, methyl ester 

Sodium metal (0.85 g., 0.037 mole) is dissolved in 
40 ml. of absolute ethanol. To this there isadded' 
with stirring 3.7 ml. (0.036 mole) of thiophenol fol- 
lowed by 7.5 g. (0.017 mole) of N - carbobenzyloxy - 

90 trans - 4 - tosyloxy - L - proline, methyl ester[j. Am. 
Chem. Soc, 79, 191 (1957)]. The latter gradually goes 
into solution but soon thereafter a solid product 
separates. After stirring for 4 hours and standing 
overnight at room temperature, the bulk of the 

95 ethanol is removed on a rotary evaporator. The 
mostly solid residue is stirred with 120 ml. of dich- 
loromethane and 60 ml. of water. The layers are 
separated (some methanol is added to help break up 
emulsions) and the aqueous phase is extracted with 

100 additional dichloromethane (2 x 60 ml.). The com- 
bined organic phase are washed with 100 ml. of 
saturated sodium chloride solution, dried (MgS04), 
and the solvent evaporated to give 6.5 g. (100%) of N 
- carbobenzyloxy - cis - 4 - phenylthio - L - proline, 

105 methyl ester as a pale yellow viscous oil. 

b) N - Carbobenzyloxy - cis - 4 - phenylthio - L • 
proline 

The methyl ester product from part (a) (6.5 g., 
0.01 7 mole) is dissolved in 55 ml. of methanol, tre- 

110 ated portionwise at -1^10 4" with 13 ml. (0.026 mole) 
of 2N sodiurn hydroxide, stirred at O'' for one hour, 
and kef)t at room temperature for approximately 16 
hours. After removing about half of the solvent on a 
' rotary evaporator, the cooled solution is diluted with 

115 100 ml. of water, washed with 60 ml, of ether (wash 
discarded), layered over with 70 ml. of ethyl acetate, 
stirred, cooled, and acidified with 4.8 ml. of 1 :1 hyd- 
rochloric aciri. /\ftor st^parating, the aqueous phase 
. is extracted with additional ethyl acetate (3 x 40 ml.) 

120 and the combined organic layers are dried (MgS04) 
and evaporated to give 5.9 g. of a light yellow visc- 
ous oil. The latter is dissolved in 30 ml. of ethanol, 
treated with 1.9 g. of cydohexylamine in 3 ml. of 
ethanol. and diltjted to 330 ml. with ether. On seed- 

125 ing, the crystalline cydohexylamine salt separates. 
The latter, after cooling for approximately 16 hours, 
weighs 5.3 g.; m.p. 148-151" (s. 135"). This material is 
combined with 1.5 g. of identical product from a pre- 
vious experiment, stirred with 200 ml. of boiling 

130 acelonitrile, and cooled to yield 6.3 g. of colorless 



cyclohexvfoniiii'* sail; iiKp. 1 b2- 1 L)b ' (s. 13/") [(ij^^ 

-24^'(c. 1% in ethanol). 

This cyclohoxylatTiifu; ^^^s susfitJiidtMi in ?5 ml. 

of ethyl acetate, stirreii. and treated with 25 nil. of N 
5 hydrochloric acid. When two clear layers are 

obtained, they are separated and the aqueous phase 

is extracted with additional fjttiyl acetate (3 x 25 ml.). 

The combined organic layers are dried (MgSO,) and 

the solvent evaporated to give 5.0 g. (65%) of N - 
10 carbobenzyloxy - cis - 4 - phenylthlo - L - proline as a 
' nearly colorless, very viscous syrup. 

c) (cis) - 4 ~ Phen yithio - L - pro lin e hy dro b romide 
N - Carboben^yloxy - cis - 4 - phenylthio - L - pro- 
line (4.9 g., 0.014 mole) is treated with 25 ml. of hyd- 

15 rogen bromide in acetic acid (30-32''o), stoppeu-ed 
loosely, and stirred magnetically. After one hour the 
orange-yellow solution is diluted to 250 ml. with 
ether to precipitate the product as a heavy oil which 
gradually crystallizes on seeding, rubbing and cool- 

20 ing. After stirring in an ice-bath for one hour, the 
material is filtered under nitrogen, washed with 
ether, suspended in fresh ether, cooled for approxi- 
mately 16 hours, and filtered again to give 3.2 g. 
(77%) of colorless solid (cis) - 4 - phenylthio - L - 

25 proline hydrobromide; m. p. 106-109Ms. 99**),[aJ^^o 
-3° (c, 1% in methanol). 

d) 1 -[D-3- (Acetylthio) - 2 - methyl - 1 - oxopropyl] - 
cis ' 4 - phenylthio - L - proline 

interaction of 3.0 g, (0.0094 mole) of (cis) - 4 - 
30 phenylthio - L - proline hydrobromide and 2.0 g. 

(O.On mole) of D-3 - acetylthio - 2 - methylpropionyl 
chloride in 25 ml. of water as described in Example 1, 
part (d) (using approximately 15 ml. of 20% sodium 
carbonate solution to maintain the pH at S.O^o 8.4), 
35 yields 3.8 g. of a pale yellow viscous oil. The dicyc- 
lohexylamine salt (prepared in 30 ml. of ethyl acetate 
employing 1.8 g. of dicyclohexylamine) vyeighs 2.9 g. 
(isolated in two crops); m.p. 184-188'' (s. 180°). Fol- 
lowing trituration with 15 ml. of acetonitrile, one 
40 obtains. 2. 4 g. of colorless solid dicyclohexylamine 
salt; m.p..184-186^(s. .180 l [(.v)^^ -75^ (c, 1% in 
ethanol). 

This dicyclohexylamine salt is treated with 30 ml. 
of lO^/o potassium bisulfate and extracted into ethyl 
45 acetate as described in Example 1 to yield 2.0 g. 
(59^/o) of glass-like 1 - [D - 3 - (acetylthio) - 2 - methyl - 

1 - oxopropyl] - cis - 4 - phenylthio - L - proline. 

e) I - (D~3- Mercapto • 2 ' niethyl • 1 - oxopropyl) - 
cis - phenylthio - L - proline 

50 The 1 -[D-3- (acetyltliio)- 2 -methyl - 1 - oxop- 
ropyl] - cis - 4 - phenylthio - L - proline (2.0 g., 0.0042 
mole) is treated with 3.5 ml: of cortccntrated 
ammonia in 8.5 ml. of wat'jr aci^ording to the proce- 
dure of Example 2 (the solid amtnonium salt of the 

55 product separates frofn the reaction mixture) to give 
1.35 g. (100%) of viscous syrupy 1 - (D - 3 - morcapto - 

2 - methyl - 1 - oxopropyl) - cis - 4 - phenylthio - L - 
proline, [dj^^o 1% in ethanol). 

Example 45 

60 I ' {D-3' Mercapto - 2 - methyl - / - oxopropyl) - cis - 
4 - (4 ' chlorophenylthio) - L - proline 

Following the procedure of Exaniplo 44 but sub- 
stituting an equivalent amour>t of 4 - chlorophenyl - 
niercaptan for the thiophentjl in part (a) one otjtoins 

65 1 - (D - 3 - mercapto - 2 - methyl - 1 - oxopropy^) - cis - 



4 - (4 - chloroph(»iiylthio) ^ L - proline, 
Exaniple 46 

1 ■ (D - 3 ,^m:,}pf() . 2 • methyl ■ J - oxopropyl) - cis - 
4 - 13 ' trilluorufne(hylphenylthio) - L - proline 

70 Following the procedure of Example 44 but sub- 
stituting an equivalent amount of 3 - trifluoro - 
methylphenylmercaptan for the thiophenol in part 
(a) one obtains 1 - (D - 3 - mercapto - 2 - methyl - 1 - 
oxopropyl - cis - (3 - trifluoromethylphenylthio) - L - 

75 proline. 

Example 47 

(cis) '4 - (4- Hydroxyphenylthio) - 1 -(3- mercapto - 
/ - oxopropyl) - L - proline 

a) (cis) -4 - (4 - Acetyloxyphenylthio) - L - proline 
80 hydrobromide 

Following the procedure of Example 44 (a) to (c) 
but substituting an equivalent amount of 4 - 
acetyloxy - phenylmercaptan for the thiophenol in 
part (a) one obtains (cis) - 4 - (4 - acetyloxyphenyl- 
85 thio) - L - proline hydrobromide. 

b) (cis) -4- (4- Acetyloxyphenylthio) - 7 - [j - (acetyl- 
thio) - ; - oxopropy] - L - proline 

Interaction of (cis) - 4 - (4 - acetyloxyphenylthio) - L 
- proline hydrobromide and 3 - acetylthiopropionyl 
90 chloride according to the procedure described in 
Example 1 , part (d) yields (cis) - 4 - (4 - acetylox- 
yphenylthio) - 1 - [3 - acetylthio) - 1 - oxopropylj - L - 
proline. 

c) (cis) '4 -(4- Hydroxyphenylthio) - 7 - (3 • mercapto - 
95 - oxopropyl)- L -proline . 

Hydrolysis of (cis) - 4 - (4 - acetyloxyphenylthio) - 1 
-[3 - (acetylthio) - 1 - oxopropyl] - L - proline with ah 
aqueous ammonia solution according to the proce- 
dure of Example 2 yields (cis) - 4 - (4 - hydrox- 
100 yphenylthio) - 1 - (3 - mercapto - 1 - oxopropyl) - L- 
proline. 

Example 48 

(cis) - 4 - Bemyloxy - 1 -(0-3- mercapto - 2 - methyl- 
1 - oxopropyl) - i - proline 

105 Following the procedure of Example 44 but sub- 
stituting an equivalent amount of benzyl alcohol for 
the thiophenol in part (a) one obtains (cis) - 4 - ben- 
zyloxy - 1 - (D - 3 - mercapto - 2 - ethyl - 1 - oxopropyl) 
■ L - proline. 

110 Example 49 

(trans) - t - (3 - Mercapto - / - oxopropyl) - 3 - methyl- 
thio - DX - proline 

a) h2 - Dehydroproline, t - butyl ester 

To a stirred solution of 34.2 g. (0.20 mole) of pro- 

1 1 5 line t - butyl ester in 600 ml. of ether at -5" to 0" is 
added dropwise over ten minutes 21.7 g. (23.9 ml., 
0.20 mole) of freshly prepared t - butyl hypochlorite 
[Org. Syn., Coll. Vol. V, J84(]9y3)], During the addi- 
tion, the temperature is maintained at -5" to 0°. After 

120 the addition is complete, the solution is stirred at this 
temperature for an additional five minutes, 

To the vigorously stirred solution is added rapidly 
(--3-5 min.) a so1.uti(in of 7.8 g. (0.20 mole) of potas- 
sium in freshly distilled dry (CaH^) t - butanol. After 

125 the addition, the teniperature of the reaction mixture 
IS about 18''. The reaction vessel is removed from the 
cooling bath and stirred for thirty minutes. The reac- 
tion mixture is filtered through Celite (diatomaceous 
• earth) arid the filtratf; concentrated in vacuo. The 

130 residue is taken up in ether and washed with several 



. portions of water. The ether soluriofi is dntui ;.ind 
concentrated in vacuo to 31.6 v^llow liquid. A 
trace of hydroguinofie is addet^P) tfie crurJe pro- 
duct distilled, affording 2-2.4 g. of 1 ,2 - dehydrop- 
5 roline, t - butyl ester (66%), b.p. 60-6270. 1 mm. 
b) 1 - Beruyloxycarbonyl -4,5- dihydro - //y - pyrrole 
- 2 - carboxylic acid, t - butyl ester 

A solution of 16-.9g. (0.1 mole) of 1.2 - dehydrop- 
roline, t - butyl ester in 70 ml. of dichloronujthane is 
10 cooled to - 10° under argon. A solution of freshly 
distilled benzylchloroformate ( 14.2 ml., 0.1 mole, 
b.p, 62-64" (0.4 mm)) in 70 ml. of dichloromelhane is 
added dropwise over a period of 30 minutes. After 
stirring in the cold for another 30 minutes a solution 
15 of 15.22 g. (0.1 mole) of 1,5 - diazabicyclo - 

[5.4.0|undec - 5 - ene in 70 mi. of dichloromethane is 
added over a period of 20 minutes. The cooling bath 
is then removed and the mixture is stirred at room 
temperature for one hour. After washing twice with 
20 cold dilute hydrochloric acid and once with saturated 
sodium carbonate solution, the solution is dried in 
vacuo to yield 18.2 g. (60^/o) of 1 - benzyloxycarbonyl 
■ 4,5 - dihydro - 1 H - pyrrole - 2 - carboxylic acid, t - 
butyl ester as a pale yellow oil. 
25 c) (transj - / - Benzyloxycarbonyl • 3 - methylthio - 
D,L - proline, t - butyl ester 

A solution of 18.2 g. (0.06 mole) of 1 - benzylox- 
ycarbonyl - 4.5 - dihydro - 1 H - pyrrole - 2 : carboxylic 
acid, t - butyl ester in 180 ml. of dry methanol is 
30 treated with 3.24 g. {0.06 mole) of sodium methoxide 
and cooled in an ice-bath. Methanethiol is bubbled 
into the solution slowh/for 30 minutes. The mixture 
is stirred overnight under argon at room tempera-^ 
ture. Dilute aqueous acetic acid is added until the 

35 solution is slightly acidic. Argon is bubbled through 
the solution for one hour before it is taken to rtear 
dryness in vacuo. Ethyl acetate is added and the sol- 
ution is washed twice with saturated sodium carbo- 
nate solution, dried and freed of solvent in vacuo to 

.40 yield 17 g. of yellow oil. This oil is chromatographed 
using 300 g. of silica gel and petroleum ether: ether 
(4:1) to yield 11.1 g. of (trans) - 1 ^ ben/yloxycarbonyl 
- 3 - methylthio - D,L - proline as a colourless oil. 

d) (trans) - 3 - Methylthio - DX - proline 

45 8.4 g. (0.024 mole) of (trans) - .1 - benzyloxy - car- 
bonyl - 3 - methylthio - D,L - proline are treated with 
45 ml. of 4N hydrobromic in acetic acid. After 
stirring for one hour at rooni tempt?rature the solu- 
tion is dried in vacuo. A sn^atl amoijnt of water is 

50 added and this is washed twice with ether. The 
aqueous solution is applied to a column containing 
300 ml. of an ion-exchange resin. and water is passed • 
through until the eluate is no longer strongly acidic. 
The product is then eluted with pH 6.5,(aqueous 

55 pyridine acetate) buffer. Fractions positive to 

ninhydrin are combined and lyophiliz'id to give 3.4 g. 
(88^0) of while fluff. A small sample of this material is 
crystallized from methanol to give (trans) - 3 - 
methylthio - D.L - proline; m.p. 19G-20U*(dec ) (s 

60 192^). 

Anal. Galc'd. for QHnO^NS: C, 4^1.70; H. 6.88; N. 
8.69; S, 19.89 

Found: C. 44.53; H,7.10; N.8.61; S, 19.9^3. 

e) (trans) - / - [j - (Acetylthio) - / - oxopropyl\ -3- 
65 methylthio - DX- proline 



3.05 g. (0.01 9 riinl e) of (trans) - 3 - methylthio - D.L - 
proline is dissol^jn )9 ntl. of 1 N sodium carbonate 
and diluted withl^nl. of water. The solution is 
coolefi in an ice-bnth and while stirring rapidly a sol- 
70 ulion of 3 - acetylthiu()ropionyl chloride in 20 ml. of 
ether is added. The pH is mainiained at 8 by adding 
IN sodium carbonate. At the end of 30 minutes the 
pH is holding cofistant afid 45 ml. of sodium carbo- 
nate solution had been added. The layers are sepa- 
75 rated and the aqueous layer is washed once with 
ether. The aqueous layer is then acidified with 10% 
potassium bisulfate solution and the product is 
extracted into ethyl acetate, dried and freed of sol- 
vent />? vacuo \o give 5.2 g. of oil. The material is 
80 chromatographed on 150 g. silica gel using ethyl 
acetate for elution. 3.85 g. of somewhat crude (trans) 
- 1 -[3- (acetylthio) - 1 - oxopropylj - 3 - methylthio - 
D,.L - proline are obtained. 
A small sample is dissolved in ether and converted 
85 to the dicyclohexylamine salt which is the recrystal- 
lized from ethyl acetate to give (trans) - 1 - [3 - 
(acetylthio) - 1 - oxopropylj - 3 - methylthio - 0,L - 
proline, dicyclohexylamine salt; m.p. 153-157"' 
Anai. Calc'd. for CHwO.NS • (CgHnl^NH: C. 
90 58.44; H, 8.53: N, 5.83; S, 13.57 

Found: C, 58.77; H, 8.57; N, 5.68; S, 13.74. 
f) (trans) - I - (3 - Mercapto - f - oxopropylj - J - 
methylthio - DX - proline 

2.05 g. (0.007 mole) of (trans) - 1 -[3 - (acetylthio) - 
95 1 - oxopropyl] - 3 - methylthio - D.L - proline is cooled 
in an ice-bath under argon aod treated with a cold 
argon saturated mixture of 7 ml. of water and 7 ml, 
of concentrated ammonia. After stirring for 30 
minutes at 0° the solution is acidified with hydroch- 
100 loric acid. The product is extracted into ethyl acetate, 
dried and freed of solvent />7 vacuo to give 1.85 g. of ' 
material which becomes partially crystalline on 
standing. Trituration with ether gives 1.0 g. (57%) of 
white crystalline product. Recrystallization from 
105 ethyl acetate (5 ml.) gives 0.85 g. of (trans) - 1 - (3 - 
mercapto - 1 - oxopropyl) - 3 - methylthio - D,L - 
proline; m.p. 89-93". 

Anal. Calc'd. for CoH.sOjNS^: C, 43.35; H, 6.06- N 
5.62; S, 25.72 ' ' 

110 Found: 43.35; H, 6.27; N, 5.54; S. 25.91. 

Example 50 

(trans) - f'(D'3- Mercapto - 2 - methyl - / - oxop- 
ropyl)~3'Cthylthio'D,L- proline 

a) (trans) - 3 - Ethylthio - DX - proline 

115 Following the general procedure of Example 49 (a) 
to (d) but substituting an cqi jivalent amount of ethyl 
mercaptan for the n)ethanethiol one obtains (trans) - 
3 - ethyl - D;L - proline. 

b) (trans) - I ~\D ■ 3 - (Acetylthio) - 2 - methyl - ; - 
120 oxopropyl) - 3 • ethylthio - DX - proline 

Interaction of the (trans) - 2 : ethylthio - D,L - pro- 
line and D - 3 - acetylthio - 2 - methylpropionyl 
chloride according to the procedi/re of Example 3 
yields (trans) - 1 - [D - 3 - (acetylthio) - 2 - methyl - 1 - 
125 oxopropylj - 3 - ethylthio - D.L - proline. 

c) (trans) - l-(D-3- Mercapto - 2 - methyl - / - 
oxopropyl) - 3 - ethylthio - DX - proline 

Hydrolysis of (trans) - 1 - [ D - 3 - (acetylthio) - 2 - 
methyl - 1 - oxopropyl) , 3 - ethylthio - D,L - proline 
130 with an aqueous ammonia solution according to the 



mercapto - 2 - rnethyl - 1 - oxojMopyl) - 3 - ethylthio - 
D,L - proline. 

5 (trans) - 1 - (3 - Mercapto - / - oxopropyl) - 3 - phenyl- 
thio - D,L - proline 

FollowiiKj the goneral procedure of Exiunple 49 
but substituting an equivalent «iniount of thiophenol 
for the methanethio! yields (trans) - 1 - (3 - mercapto - 
10 1 - oxopropyl) - 3 - phenylthio - D,L - proline! 

Example 52 

(cis) - 4 - Methoxy - 1 - (D - 3 - mercapto - 2 - trif- 

luoromethyl - 1 - oxopropyl) - L - proline 

a) 3 - (4 - Methoxy benzyljthio - 2 - trifluoromethyl- 

15 propionyl chloride 

A neat mixture of 1 - triftuororTiethylacrylic acid 
(3.9 g.) and 4 - methoxybenzylthio (4.3 g.) is stirred at 
100-1 10"" for one hour. The mixture is allowed to cool 
to room temperature and the solid is recrystallized 

20 from cyclohexane to yield 3 - (4 - methoxybeneyljthio 

- 2 - trifluoromelhylpropanoic acid, m.p. 72-74''. 

Treatment of this acid with thionyl chloride yields 
3 - (4 - methoxybenzyl)lhio - 2 - triftuoromethyl- 
propionyl chloride. 
25 b) (cis) - 4 ' Methoxy - I '[D-3-(4- methoxy ben- 
zyDthio - 2 - trifluoromethyl - 1 - oxopropyl] - L - 
proline 

The 3 - (4 - methoxybenzyljthio - 2 - trifluoromethyl 

- propionyl chloride is reacted with (cis) - 4 - methoxy 
30 - L - proline to yield (cis) - 4 - methoxy - 1 -[D- 3 - (4 - 

methoxybenzyl)thio - 2 - trifluoromethyl - 1 - oxop- 
ropyl] - L - proline. 

c) (cis) ' 4 - MethOxy - 1 - (D - 3 - mercapto - 2- 
trifluoromethyl - 1 - oxopropyl) - L - proline » 

35 The (cis) - 4 - methoxy - 1 - [D - 3 - (4 - rfiethoxyben- 
zyDthio - 2 - trifluoromethyl - 1 - oxopropyl] - L - 
proline is mixed with trifluoroacetic acid and anisole 
and stirred under nitrogen. The solvents are 
removed under vacuum to yield as a residue (cis) - 4 

40 - methoxy - 1 - (D - 3 - mercapto - 2 - trifluoromethyl - 
1 - oxopropyl) - L - proline. 

Example 53 
(trans) - 4 - Methoxy - I - (D - 3 - mercapto - 2- 
trifluoromethyl - 1 - oxopropyl) - L - proline 

45 Following the procedure of Example 52 but sub- , 
stituting (trans) - 4 - methoxy - L - proline for the cis 
isomer one obtains (trans) - 4 - methoxy - 1 - (D - 3 - 
mercapto - 2 - trifluoromethyl - 1 - oxopropyl) - L - 
proline. 

50 Example 54 

(trans) - 4 - Ethoxy • 1 - (D - 3 - mercapto - 2 - trif- 
luoromethyl - 1 - oxopropyl) ' i - proline 

a) 3 ' Acetylthio • 2 - trifluorontethy /propionyl 
chloride 

55 A mixture of thiulacetic acid ^nd 2 - (trif- 

luorornethyUacrylic acid is hentorl on a steam biith 
for one hour and then stored at room temperature 
for 18 hours. The reaction mixture is distilled in 
vacuo to give'3 - acetylthio - 2 - trifluoromethyl- 

60 propanoic acid. 

Treatment of this acici with thionyl cliloride yields 
3 - acetylthio - 2 - trifluorofnethylpropionyl chloride. 

b) (trans) - 4 ■ Ethoxy - / - - J - (acetylthio) - 2 - 
trifluoromethyl - 1 - oxopropyl] - L - proline 

65 Reacting 3 - acetylthio - 2 - trifluoromethyl- . 



propiur^yl cnior n K; wtih tr.ins <* tr'rioxy - L - proline 
according to Ki*? pr (.hum lure of Exam pi (3 3 yit^lds 
(trans) - 4 - (^B^V - 1 -I D - 3 - (acetyltliio) - 2 - 
trifluoromethyl - 1 - oxopr(;pyl| - L - proline. 

70 c) (trans) - 4 - Ethoxy ■ 1 - (D - 3 - me-capto - 2- 
triflu oromethyl ' I - oxopropyl) - L - pro I in e 

Treating (trans) - 4 - etfioxy - 1 - 1 D - 3 - (acetylthio) - 
2 - trifluoromethyl - 1 - oxopropyl] - L - proline with 
an ac]ueous solution of amtTionia according to the 

75 procedure of Example 4 yields (trans) - 4 - ethoxy - 1 - 
(D - 3 - mercapto - 2 - trifluoromethyl - 1 - oxopropyl) 
-L- proline. 

Example 55 

1000 tablets each containing 100 mg. of 1 - (D - 3 - 
80 mercapto - 1 - oxopropyl) - trans - 4 - methoxy - L - 
proline, sodium salt, are produced from the follow- 
ing ingredients: 

1 - (3 mercapto - 1 - oxopropyl) - trans - 4 - 



methoxy - L - proline, sodium salt 100 g 

85 Cornstarch 50 g 

Gelatin 7.5g 

Avicel (microcrystalline cellulose) 25 g 

Magnesium stearate 2.5 g 



The 1 - (D - 3 - mercapto - 1 - oxopropyl) - trans - 4 - 
90 methoxy - L - proline salt and corn starch are 

admixed with an aqueous solution of the gelatin. 
The mixture is dried and ground to a fine powder. 
The Avicel and then the magnesium stearate are 
admixed with the granulation. This is then compres- 
95 sed in a tablet press to form 1000 tablets each con- 
taining 100 mg. of active ingredient. 

Example 56 
Tablets each containing 200 mg. of 1 - (D - 3 - 
mercapto - 2 - methyl - 1 - oxopropyl) - trans - 4 - 
100 methoxy - L - proline are produced as described in 
Example 55. 

Example 57 

1000 tablets each containing 200 mg. of 1 - (D - 3 - 
mercapto - 2 - methyl - 1 - oxopropyl) - cis - 4 - 
105 methoxy - L - proline, sodium salt, are produced 
from the following ingredients: 

1 - (D - 3 - mercapto - 2 - methyl - 1 - oxopropyl) - cis 



4 - methoxy - L - proline, 

sodium salt 50 g. 

110 Lactose 25 g. 

Avicel 38 g. 

Corn starch 15 g. 

Magnesium stearate 2 g. 



The 1 - (D - 3 - mercapto - 2 - methyl - 1 - oxopropyl) 
115 - cis - 4 - methoxy - L - proline, sodium. salt, lactose 
and Avicel are admixed, then blended with the corn 
starch. Magnesium stearate is added. The dry mix- 
ture is compres:;ed in a tablet press to form 1000 130 
mg. tat)lets eae:h containing 50 mg. of active ingre- 
120 dient. The tablets are coated with a solution of 

Methocel E 15 (methyl cellulose) including as a color 
a lake containing yellow **^6. 

Exaniple 58 

Two piece 1 gelatin capsules each containing 
125 100 mg. of 1 - (D - 3 - mercapto - 2 - methyl - 1 - 
oxopropyl) - cis - 4 - methoxy - L - proline, sodium 
salt, are filled with a mixture of the following ingre- 
dients: 

1 - (D - 3 - mercapto - 2 - methyl - 1 - oxopropyl) - 
130 cis - 4 - methoxy - L - proline, sodium salt 100 mg.. 



USP Lactose 



T I,, .J. 

193 niy. 



Example .'},^^^ 



An injectable solution is procliWrl ;is follows: 
5 (trans) - 4 - methoxy - 1 - (D - 3 - mercaplo - 2 - 

methyl - 1 - oxopropyl) - L - proiinfi .500g. 

Methyl paraben 5(j. 

Propyl paraben 1 9- 

Sodium chloride 25 g. 

10 Water for injection qs. 5 I 

The active substance, preservatives and sodium 
chloride are dissolved in 3 liters of water for injection 
and then the volume is brought up to 5 liters. The 
solution is filtered through a sterile filler and asepti- 
15 cally filled into presterilized vials whicli are then 
closed with prestertlized rubber closures. Each vial 
contains 5 ml. of solution in a concentration of 100 
mg. of active ingredient per ml. of solution for injec- 
tion. 

20 The products of each example can be similarly 
formulated as in Examples 55-59. 
CLAIfVlS 

1. A compound of the formula 



25 



tCH) - 



CH — CO N 



•1 



-c — coor 



wherein the X - R, group is located at the 3 - or 4 - 
30 position of the proline ring; 
X is oxygen or sulfur; 
R is hydrogen or lower alkyi; 
R, is lower alkyI, lower alkenyl, lower alkynyl, 
phenyl, substituted phenyl, phenyl-ldwer alkylenff, 
35 or substituted phenyl-lower alkylenc; 

R? and Rj are independently selected from hyd- 
rogen, lower alkyI and trifluoromethyl; 
O 
II 

40 R^ is hydrogen, Rj-C-or 

-S-{CH)- CH- CO— N ^-^ — ^^^^ 

45 ■ I, 

Rs is lower alkyI, phenyl, or phenyl-lower alkylene; 
and 

n is 0. 1 or 2, or such a compound in salt forni. 
50 2. The compound of Claim 1 wherein X is 
oxygen. 

3. The compound of Claim 1 wheroin X is sulfur. 

4. The compound of Claim 1 , 2 or 3 wherein R4 is 
hydrogen. 

55 5. The compound of Claim 1, 2, 3 or 4 wherein 
the proline ring is in the L - configuration. 
6. A compound of the formula 



60 



X-R. 

N C,— COOH 



wherein the X-R, group is 
65 located at the 3 - or 4 position of the proline ring; 



A 15 (ixyijtiri ur suiujr, 
R is hydrotjon. 

R, is lower jlk\^Bl ^ carbons or 



70 



■ (CH.) - 
3 P 



\ / D 



Ry is hyiiroyen, methyl or trifluoromethyl; 
Ri is hydrogen;. 

R,, is hydrogen, acetyl or benzoyl; 
75 R^ is hydrogen, methyl, methoxy, methylthio, 
chloro, fluoro, trifluorortiethyl or hydroxy; 
n is zero or one; and 

p is zero, one or two, or such a compound in salt 
form. 

80 7. The compound of Claim 6 wherein X is 
oxygen. 

8. The compound of Claim 7 wherein R, is hyd- 
rogen; R2 is hydrogen or methyl; and n is one. 

9. The compound of Claim 8 wherein R, is lower 
85 alkyI of 1 to 3 carbons. 

10. The compound of Claim 9 wherein the proline 
ring is in the L - configuration; when R^ is other than 
hydrogen the asymmetric carbon to which R? is 
attached is in the D - configuration; and - O - R, 

90 group is at the 4-position of the proline ring and in 
the cis configuration, 

11. The compound of Claim 10 wherein R, is 
methyl. 

12. The compound of Claim 11, (cis) - 4 - methoxy 
95 . 1 - (D - 3 - mercapto - 2 - methyl - 1 - oxopropyl) - L - 

proline. 

13. The compound of claim 1 1 , (cis) - 4 - methoxy 

- 1 - (3 - mercapto - 1 - oxopropyl) - L - proline. 

14. The compound of Claim 9 wherein the pro- 
100 line ring is in the L - con ftgtjration; when Rj is other 

than hydrogen the asymmetric carbon to which R^ is 
attached is in the D - configuration; and the - 0 - R, 
group is at the 4-position of the proline ring and in 
the trans configuration. 
105 15. The compound of Claim 14 wherein R, is 
methyl. 

16. The compound of Claim 1 5, (trans) - 4- 
methoxy - 1 - (D - 3 - mercapto - 2 - methyl - 1 - 
oxopropyl) - L - proline. 
110 17. The compound of Claim 1 5, trans - 4 - 
methoxy - 1 - (3 - mercapto - 1 - oxopropyl) - L - 
proline. 

18. The compound of Claim 14 wherein R, is 
ethyl. 

115 . 19. The compound of Claim 18, (trans) -4 - 
ethoxy - 1 - (D - 3 - mercapto - 2 - methyl - 1 - oxop- 
ropyl) - L - proline. 

20. The compt)und of Claim 14 wherein R, is n - 
propyl. 

120 21. The compound of Claim 20, (trans) - 4 - prop- 
oxy - 1 - (D - 3 - mercapto - 2 - methyl - 1 - oxopropyl) 

- L - proline. 

22. The compound of Claim 8 wherein R, is 



125 



R*; is hydrogen, methyl, methoxy, methylthio, chloro, 
fluoro, Irifluororiiethyl or hydroxy; and p is zero, one 
or two. 

130 23. The compountj of Claim 22 wherein the pro- 



liru? ring is in th(» L - confinuriition; wIkmi R,. is othor 
than hydrogert the dsynifl|rio ciirhon to which is 
attached is in the D - conl^ifrition ;.,jnd the - 0 - R, 
groups is at the 4-position of the proline ring. 
5 24. The compound of CInirn 23, (cis) - 4 - (4 - 
fluorophe.noxy) - 1 - (D - 3 - fiu)rcapto - 2 - metfiyl - 1 - 
oxopropyl) - L - proline. 

25. The compound of Claim 6 wherein X is sulfur. 

26. The compound of Claim 25 wherein R^ is hyd- 
^0 rogen; Rj is hydrogen or methyl; and n is one. 

27. The compound of Claim 26 wherein R, is 
lower alkyi of 1 to 3 carbons. 

28. The compound of Claim 27 yvherein R, is 
methyl. 

29. The compound of Claim 28. (trans) - 1 - (3 - 
mercapto - 1 - oxopropyl) - 3 - methylthio - D,L - 
proline; 

30. The compound of Claim 26 wherein R, is 



20 



-(CH,) 
^ P 



Rfi is hydrogen, methyl, methoxy, methylthio, chloro, 
fluoro, trifluoromelhyl or hydroxy; and p is zero, one 
25 or two. 

31 . The compound of Claim 30, 1 - (D - 3 - mer- 
capto - 2 - methyl - 1 - oxopropyl) - cis - 4 - phenylthio 

- L - proline. 

32. The compound of Claim 7 wherein R^ is 
30 acetyl; R^ is hydrogen or methyl; and n is one. 

, 33. The compound of Claim 32 wherein R, is 
lower alkyI of 1 K) 3 carbons. 

34. The compound of Claim 33 wherein^fie pro- 
line ring is in the L - configuration; when R^ is other 

35 than hydrogen the asymmetric carbon to which Rj is 
attached is in the D - configuration; and - O - R, 
group is at the 4 - position of the proline ring and in 
the cis configuration. 

35. The compound of Claim 34 wherein R, is 
40 methyl. 

36. The compound of Claim 35. (cis) - 4 - methoxy 

- 1 -[D-(acetylthio)- 2- methyl - 1 - oxopropylj -L- 
proline. 

37. The compound of Claim 33 wfierein the pro- 
45 line ring is in the L - configuration; when R^ is other 

than hydrogen the asymrnetric carbon to which Rj is 
attached is in the D - configuration; and the - 0 - R, 
group is at the 4-position of the proline ring and in 
the trans configuration. 
50 38. The compound of Claim 37 wherein R, is 
methyl. 

39. The compound of Claim 37 wherein R,.is 
ethyl. 

40. The compoundof Claim 37 wherein R, isn - 
55 propyl. 

41. The compound of Claim 32 wfierein R, is 



70 



low*?r o\kyj^L] to 3 carbons. 
44. Th^^m[)nurul of Claim 42 wherein R, is 

-(cn)-/r]\ 



2 P 



60 Re is hydrogen, methyl, methoxy, methylthio, chloro, 
fluoro. trifluorornethyl or hydroxy; and p is zero, one 
or two. 

42. The compound of Claim 25 wherein R^ is 
acetyl; R^ is hydrogen or methyl; and n is one. 
65 43. The compound of Claim 42 wherein R, is 



is hydiogen, iTuMhyl, methoxy, methylthio, chloro, 
fluoro, trifluoron)ethyl or hydroxy; and p is zero, one 
or two. 

45. A pharfnaceutical corTiposition comprising an 
effective amount of a compound of any preceding 
claim and a pharmaceutically acceptable carrier 
therefor. 

46. A method for reducing blood pressure in 
gQ hypertensive mammals which comprises adminis- 
tering an effective amount of the composition of 
Claim 45. 

47. A process for preparing a compound of the 
formula 



85 



CH — CO 



-C,— CCX5R 

u 



90 wherein the X - R, group is located at the 3 - or 4 - 
position of the proline ring; 
X is oxygen or sulfur; 
R is hydrogen or lower alkyI; 
R, is lower alkyI, lower alkenyl, lower alkynyl, 
95 phenyl, substituted phenyl, phenyMower alkylene, 
or substituted phenyl-lower alkylene; 

Rz and Rj are independently selected from hyd- 
rogen, lower alkyI and trifluorornethyl; 
O 

100 II 

R4 ts hydrogen, R5 - C - or 



X-R- 



r 



105 



"S- (CH) - CH- CO- N- 



-C — COOR 
I* 
H 



R5 is lower alkyl, phenyl, or phenyl - lower 
alkylene; an(i 

n is 0, 1 or 2 or such a compound in salt form, 
''O comprising coupling a proline compound of the 
formula 



115 



tiU |-co 



with an acid or its chemical equivalent of the formula 



120 



wherein R/ is hydrogen or R^ - CO - to form a product 
wherein R, is hydrogen or R<,CO, and if desired, hyd- 
rolyzing said produ<:l wherein R4 is R^CO to form the 
protluct wherein R^ is hydrogen and if desired oxidiz- 
125 ing a product wherein R4 is hydrogen with iodine to 
form the product wherein R4 is 



130 



-S- (CH) CM- CO - N f 



r —coon 



48: Aprocossaccordinytoc. - 

compound of the formula 

. HN l-COOR 

the formula 



70 attached IS in tho D - (--J^y .. 



10 



1 I 

,._S— (CH.„— CH-COOH 



15 compound of the formula 




20 



30 



:ooR 



51 The process of any or.e of cairns 47-50 
nr'T^e;SsTofanvoneofclaims47-50 

35-rT^e;:oc::sofanvoneofd ' 

wherein R. is ^^Vd^ogen- ^^^.^^ ^^..^ 

54. The process ot any configuration. 

wherein the P-'^^^, o any one of claims 

55. A process accordmg to v 
40 47-49 wherein the product .sott 



^rpis^^rhr-p^tion^ftheprolinermgan 

the cis configuration _ ^^^.^ ^3,hyl. 

60. The process o c la n oJ ^^^^^ ^^^^^^^ 

61 . The P-coss of ol GO ^ ,^ _ 
75 is(cis)-4-methoxy-lMU 

. 1 . oxopropYl) - L - P»>'"^^- the product 

I'^'Toxv ' "-"P^°-^■°''°''■ 
•,s(cis)-4-methoxy 1 

ropyl) ■ L - P^o""^- ^ . ^1 58 wherein the proline 
80 63. Theprocessc^camS .^^^^^^^^3, 

ring is in the L - con^'Q ^hich R, is 

^''''T''^ZS^^<^^^ andthe-O^R, 

^,rp^:uh:Ci^^^ 

85 the trans con'-g^^^^'"" , 53 therein R, is methyl. 

64. The process o c a m g ^ ^^^^^^^ 

65. The process of claim b . 
.3jt,3,s)-4-methoxy-1-(D 3 m 

n^ethyl - 1 - ^^^^P^^P^ .-^JS wherein the product 
90. 66. The.processofclam 

istrans-4-methoxy-1-(3 me 

ropyl - L - proline. ,3 ethyl. 

67. The process p^^^uct 
• 68. The process of cla m . 2 . methyl 

. 95 isitrans)-4-ethoxy-1-(D-3 mere 

-^erT;rp'roio7c;a"im63whereinR.is.- 

P'^^'^'-TH nrocess of Claim 69 Wherein the product 
70. The process or 3. ^,ercapto-2- 

100is(trans)-4-propoxy-1 (D 

-^;r'T:;~;V.-m%7whereinR.is 



H 

I .1 - r - COOR 



45 



- (CH 



105 



is 



■ \^ Y R nroup is located at the 3- or 4 - 
wherein the X-H, group . 

position of the proline nng. 

X is oxygen or sulfur; 

Rishydrogerv ^ ^^^^^ 

50 R,isloweralkYlof1toJca 

. nn methyl or trifluoromelhyl; 
R, is hydrogen, meiny 

60 pis zero, one or two, 

form. , 55 wherein X is oxygen. 

56. The P--- ° I, wherein R. is hyd- 

57. Theprocessocia ^ ^^^^^^^e.- 
^°^^" t;^7ocTss of claim 57 wherein R, is lower 

65 58, The process u. 



no ringismtheL-com^ 

hydrogen the a^vm-J^'^^ ^^^^^ the - 0 - R. 

attached is m the D con y 

groupisatthe4-posmo ofthepr^ 
73. The process of claim z g to- 

ns is(cis)-4- (4- fIuorophenoxy)^-D^ 

120 76 The process otc\aim 'J 

alkyi of 1 to 3 "rbons^ ^gthyl. 

]l rroSrsolcra'imVVwhereintheproduct 
•.sUranI)V-(3-mercapto-1-oxopropy.)-3 

^" "^T9^te'J?i-orcraim75wherei^ 



-(CH 



Rft is hydrogen, methyl, rnoifioxy, mijlhylthio, chloro, 
fluoro, trifluoromethyl or hydroxy; and p is zero, one 
or two. 

80. The process of clainT79 whereifi the product 
5 is 1 - (D - 3 - mercapto - 2 - methyl - 1 - oxopropyl) - 

cis - 4 - phenylthio - L - proline. 

81 . The process of claim 56 wherein R4 is acetyl; 
R2 is hydrogen or methyl; and n is one. 

82. The process of claim 81 wherein R, is lower 
10 alkyi of 1 to 3 carbons. 

83. The process of claim 82 wherein the proline 
ring is in the L - configuration; when R^ is other than 
hydrogen the asymmetric carbon to which R? is 
attached is in the D - configuration; and ~ 0 - R, 

15 group is at the 4-position.of the proline ring and in 
the cis configuration. , 

84. The process of claim 83 wherein R, is methyl. 

85. The process of claim 84 wherein the product 
is (cis) - 4 - methoxy - 1 - [D - (acetylthio) - 2 - methyl - 

20 1 - oxopropylj - L - proline. 

86. The process of claim 89 wherein the proline 
ring is in the L - configuration; when Rj is otherthan 
hydrogen the asymmetric carbon to which R? is 
attached is in the D - configuration; and the - 0 - R, 

25 group is at the 4-position of the proline ring and in. 
the trans configuration. 

87. The process of claim 86 wherein R, is methyl. 

88. The process of claim 86 wherein R, is ethyl. 

89. The process of claim 86 wherein R, is ^ - 
30 propyl. 

90. The process of claim 81 wherein R, is 



35 Rfi is hydrogen, methyl, methoxy, methylthio, chloro, 
fluoro, trifluoromethyl or hydroxy; and p is zero, one 
or two. 

91. The process of claim 74 wherein R^ is acetyl; 
Rj is hydrogen or methyl; and n is one. 
40 92. . The process of claim 91 wherein R, is lower 
alkyi of 1 to 3 carbons.. 

93. The process of claim 91 wherein R, Is 

Re is hydrogen, methyl, mettioxy, rTietliylthio, chloro, 
fluoro, trifluoromethyl or hydroxy; and p is zero, one 
or two. 

94. A compound according to claim 1 when pre- 
50 pared by a process according to any one of claims 

47-93. 

95. A compound according to claim 1, as named 
in any of the Examples. 

96. A compound according to any one of claims 
55 1-44, 94 and 95 for use as a hypotensive agent. 

97. A con^position according to claim 43 in the 
form of a tablet, capsule or sterile injectable prepara- 
tion. 

98. A cofiiposition according to claim 43 or 97, 
60 mcluding a binder, preservative, stabilizer, excipient, 

disintegrating agent, lubricant, sweetening agent, or 
flavouring agent. 
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